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LEHER OF TRANSMIHAL. 



Office of the State Geological Survey, 
Lansing, Michigan, Dec. 31, 1901. 

To the Honorable the Board of Geological Survey of the State of Michigan: 

Hon. a. T. Bliss, /^resident. 

Hon. p. H. Selly. 

Hon. Delos Pall, Secretary, 

Gentlemen — ^You have deemed it wise for me to make my annual 
report more full than usual this year,* and include therein reports of 
progress that shall give the chief results of the work, in regard to a 
number of scientific and practical matters which cannot be published 
in more final form for some time. Inasmuch as this involved more work 
and a start upon the report before the end of the calendar year the 
details of business and finance are placed at the end, to which they 
could be added at the last. 

The work may be conveniently treated as heretofore by areas and by 
subjects, the units of area being in general counties. The counties upon 
which we are at work will be taken up in the order in which they have 
been taken in hand, but when we expect in the near future to have the 
report ready, the account of the state of the work will not bcso full. 



* My two previous annual reports were abort, and contained not mnch matter of scientific 
Interest, so that I did not recommend them to be printed by the State. They will be found, 
however, practically complete, in the Michigan Miner for February, 1000, and January and 
February, 1901, the publisher, Mr. C. B. Schaefer, furnishing 500 reprints to the Board. 



TUSCOLA COUNTY. 

Prof. C. A. Davis, of Alma College, who has been preparing the report 
upon Tuscola county, has been transferred to the chair of forestry at 
the State University, a place for which his knowledge of geology and 
botany, on the relation of which to forestry I elsewhere touch, especially 
fits him. 

The necessary duties involved, and some brief but very fruitful studies 
on the origin of our marl deposits from a botanist's standpoint, showing 
the important part which Chara has played therein, have delayed his 
report. In its surface conditions Tuscola county consists of strips 
running northeast and southwest. The northwest corner is a fertile 
and recently emerged lake bottom mainly of clay with superficial sand 
ridges. Then from the northeast corner between Gagetown and Cass 
City there is a tongue of rolling till. Then the valley of the Cass is 
^ery largely sand and boulders washed from the ice, or deposited by 
the great stream which once occupied the Cass valley.* Finally in the 
southeast corner we come upon some deeply cut rough till country once 
more. 

Recent explorations about Vassar, while showing that coal is there, 
have not found it in quantities enough to warrant mining. 

The beet sugar factory at Caro has found a large flow of water in 
the Napoleon sandstone, as I told the driller he might expect. This 
sandstone comes next underneath the drift in the southeast part of the 
countj' and dips gently to the west. It will generally furnish a good 
supply of water but poorer qualities of water that sometimes occur above 
it will have to be cased out. 



SAGINAW COUNTY. 

The preparation of the report on this county has been in my, hands 
personally. I will not plead pressure of other duties for delay in its 
appearance though I have not been idle, but the reason why I allowed 
other matters to interfere have been as follows: 

There are no outcrops of bed rock in the county, and therefore the 
geologist is dependent almost entirely upon information furnished him 
by exploring companies. Certain of the companies have been very gen- 
erous in furnishing material, and others have been equally generous in 
promising material, which, for one reason and another, it has not been 

• See Report on Huron and Sanilac counties, Vol. VII. 
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convenient to give as yet, while in the meantime records have been 
steadily accumulating. One of the things I am most anxious to do in 
Saginaw county is to prepare a map of the bed rock surface. This is 
of importance for coal mining, as the danger of mining into old channels 
is not inconsiderable. 

It stH»med wise to wait therefore for this material, so as to make the 
report on the county fairly complete, rather than to issue one which 
would be out of date before it could be released from the hands of the 
printer. But in the meantime I have tried to give publicity to some of 
the more important economic results. Much of the material regarding 
the coal of the county will be found in my coal report.* 

It will be noticed that I find seven coal seams, three of them at least 
important enough to work. The two upper or Verne seams are higher 
in sulphur and volatile matter. The lower or Saginaw is higher in 
moisture, but very low in ash and sulphur, and there are likely to be 
lower seams. 

In another place in this report under the head of prospects for oil 
and gas, will be found an account of the upward flexure of the Napoleon 
sandstone near Saginaw which seems to exist. This sandstone seems to 
have little if any rise when followed from north-northeast to south- 
southwest, but probably falls quite rapidly to the west. 

The soil of the county is prevailingly clay. In some places patches of 
clay till are left bare and there are also areas of river silt and of sand, 
but the latter is not usually very deep. The sand is generally more 
than eighteen feet above lake level, and a large part of the county is 
below this. 

Another reason for not pushing the publication of the county report, 
is that I found it would be well to wait until the contours of Bay county 
were adjusted before preparing the contour map. I have, however, 
studied carefully the altitude of the East Saginaw datum, and found it 
to l)e 582.3 A. T. (supposing that the Ignited State Lake Survey Plane of 
reference at Milwaukee, known as High water of 1838, is 584.38 A. T.),/ 
with a probable error of only two or three hundredths of a foot, and 
no perceptible change in altitude (of two-tenths of a foot, say) in the past 
forty years. With the help of Mr. Charles Holmes, I have been able to 
refer all the levels about Saginaw, and the profiles of all railroads 
mining into it to this datum. This matter is treated of later under 
elevations. 



BAY COUNTY. 

1 

The field work of Bay county, which has been mainly in the hands of 
Mr. W. P. Cooper, is practically complete. In this county, which is also 
flat, over f 10,000 worth of drain levels are said to have been run. Owing 
to political vicissitudes much of the work is said to have been repeated 
twice. To get the full benefit of the many miles of accurate levelling it 
was, however, necessarv to run some thirtv-flve miles of levels to tie the 

• I'nrt 11 of Vol. VIII. 



ANNUAL REPORT FOR 1901. 7 

various system levels. For this we employed Mr. J. H. Blomshield, 
former city engineer, and the Mr. Cooper has been employed much of 
the time in adjusting these levels. 

The soil map of the county is now complete. Mr. F. D. Owens, of the 
M. A. C, has made some special studies of the waters, and we have also 
assisted another Agricultural College student, Mr. G. M. Bradford, who 
is studying botany. 



PRELIMINARY REPORT 



ON 



A.IlElSr^C COUNTY 



A>'D PARTS OK 



OGEMAW, IOSCO, AND ALCONA COUNTIES 



BY W. M. GREGORY. 



•2 



Prof. W. M. Gregory lias been at work on Arenac county, and has been 
assisted by F. D. Stone, C. H. Smith and W. F. Cooper. His work has 
beien interrupted by an attack of varioloid. The following is his pre- 
liminary report of progress for the region: 

CONTENTS. 

Page. 

1. Introduction 11 

2. Limestone 12 

3. Gypsum 15 

4. Coal 18 

5. Watei' Supply. Water Power. Flowing Wells 21 

6. Clav and Shales 25 

a. 

7. Agricultural Resources 28 

§ 1. Introduction, 

These abbreviated notes on the formation and resources of the counties 
at the head of Saginaw bay are given as an aid to those seeking infor- 
mation to guide careful investigation that may lead to subsequent 
development. So many urgent inquiries have been received regarding 
resources of these counties that this advance summary of the facts 
regarding the location, importance and value of raw material suitable 
for working is prepared. Much matter of interest to the professional 
geologist has been entirely omitted and the matter presented in a manner 
to be of the most value to the prospector and business man. 

This region while not a new country is still in various parts unsettled. 
The lands which supplied such abundant forests of pine and hardwood 
are now nearly bare and the country has been thought to offer no 
inducements to encourage settlers. To the average mind this region is 
supposed to be the worst part of Michigan's sand and swamp, but such 
is far from the actual fact. It is true that many have tried farming and 
failed, the failure being due to poor management. No better land 
<'xists in Michigan for general agricultural ])urposes than that found 
around Standish, West Branch, Harrisville, Au Gres, Whittemore, 
Prescott and Sterling. Small fruits, cereals, hay, potatoes, sugar beets 
and chickory yield abundant crops. Sugar beets average by test 
as high a percentage as those in Bay county. Each year brings an 
increase in beet acreage. For herding and grazing excellent oppor- 
tunities are combined in cheap land, plenty of water and pasture. 
Several ranches of some extent hjive been established and their owners 
are realizing handsome returns. 

Regarding the mineral wealth of the counties much can be stated in 
a few words. Continual rumors of copper and lead reach the newspapers 
when no foundations for such reports are at hand. The lead in Alcona 
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county and on the Au Sable river is purely a myth as far as actual speci- 
mens produced, and copper in Arenac county is drift material of no 
significance. The rumors regarding coal are of such a character as 
deserve careful discussion and will follow in this paper. The true 
mineral wealth lies in extensive deposits of limestone, gypsum, building 
stone, brine bearing rocks, marl and clay. 

S 2. Limestone. 

The limestones of this region are of special interest to those desiring 
stone for burning, hydraulic cement, road ballast and beet sugar manu- 
facture. The formations outcropping are the Upper Grand Bapids or 
Alaxville limestone, and the Lower Grand Rapids of the Michigan series. 

In Arenac county the point of contact of the Maxville limestone and 
the Lower Grand Rapids group is on the shore of Lake Huron, five 
hundred feet north of the northeast corner of Sec. 24, T. 20 N., K. 7 E., 
north of Harmon City. At this point the banks ai-e fifteen to twenty 
feet high. The entire ledge shows the effect of lake action and the fol- 
lowing section is well exx)osed: 

4 feet clay or till. 

3 feet red clay, with particles of lime. 

11/. feet white clav. 

:\ inches chertv limestone. 

5 inches cherty limestone and sandstone closely interstratified. 
1 inch shale and brownish limestone. 

8 inches limestone. 
G inches brown sandstone. 
■iy^ feet bluish gray sandstone. 
10 inches arenaceous limestone. 
5 feet bluish sand, becoming hard in lower layers. 

The strata are quite irregular as the thickness of the limestone varies 
and, as Winchell has noted, the dip from this point seemt^ to be north 
and south. 

Going north one-eighth of a mile on the lake shore from the above 
outcrop to the old Whittemore test shaft, we find the limestones are 
blended into brownish sandstones and the layer of bluish gray arena- 
ceous siuidstone inci'eases in thickness. At the test shaft we find the 
first evidence of gypsum, which is directly underneath the lower layer 
of bluish arenaceous sandstone in a stratum of ly^ feet thickness, 
which is crumpled and folded with thin seams of argillaceous limestones. 
From this point north on the shore to Alabaster the lake sand covers 
all evidences of outcrops. At the above shaft, a 10-foot bed of gypsum 
was found, but the project was given up, because the inflowing water 
was troublesome. On the lake shore near the county line of Arenac 
and Iosco are found numerous sink holes which are verv indicative of 
a good gypsum bed beneath. Off shore from this point in fifteen feet 
of water are seen white beds of g\T)sum, being part of the lower bed 
worked at Alabaster and the one penetrated by wells at Au Gres and 
Turner. 

Returning to Arenac county and following north line of Sec. 24, T. 20 
X., R. 7 E., from lake shore one and a quarter mile west to the old quarr}' 
of Harmon and Crowell, this exposure is found: 
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6 to 12 inches of boulder clav. 
6 inches arenaceous limestone. 

9 feet bright grayish limestone, top of which is filled with flint nodules 
from 3 to 5 inches in diameter. 

It is said that the number of nodules hindered the working of this 
stone. In 1888, Pollock opehed a quarry 160 rods south and west of the 
first one and the following section is claimed to have been passed: 

1 foot clay. 

5 feet limestone, suitable for burning. 

1 foot sandstone. 

G feet limestone, brittle and used for building purposes. 

The hard flint nodules were absent from this quarry and some very 
fair building stone has been secured here. 

Harmon and Crowell also opened a quarry in the southeast corner of 
Sec. 24, on the lake shore, here one and one-half feet of good limestone 
was secured, covered with greenish black shale. This is the White Stone 
Point limestone, covered with the shale which outcrops at Harmon City. 

The limestone ridges in which the above* quarries were opened, com- 
mence near the northeast corner of Sec. 13, T. 20 N., R. 7 E., and extend 
southwest into southeast corner of Sec. 14, and then southerly to the 
center of Sec. 23. Here the ridges are broken, for they do not appear 
again until we reach the north line of Sec. 26, where a few acres are 
exposed, and in Sec. 27 the same is again exposed in the southwest part 
of Sec. 27 at the house of W. M. Davis. 

At White Stone Point an exposure of brittle grayish limestone occurs, 
which is in 6 inches of water and extends out into the lake for over 
200 feet at a depth of not over four feet. A careful examination of 
this region, especially southwest of Harmon City, might reveal a ledge 
of fair thickness and quality suitable for hydraulic cement, building 
purposes or lime burning. 

At Point Au Ores low calcareous ledges of an arenaceous limestone 
occur nearly half a mile in width along the water's edge. Nowhere is 
the outcrop over 8 feet above the lake. Here are exposed 51/2 ^eet of 
arenaceous limestone with streaks of brownish sandstone. Calcareous 
concretions are found which closely resemble those found in the Griffin 
quarry at Omer. The lower bed is a brittle light gray limestone, con- 
taining some few flint nodules and mussel-like shells. Much stone has 
been removed irom this place for building purposes, but none used for 
burning lime, as it is considered too sandy. 

The above outcrop apparently goes to the northwest, for indications of 
its presence are found near the center of Sec. 36, and also on the west 
line of the same section. In the northeast corner of Sec. 27 a well- 
defined exposure occurs west of the schoolhouse. The beds are fiat, 
only the top layers being exposed. The course is to the northwest from 
this place. The top bed is five inches of grayish brittle limestone, then 
a brownish sandstone, of three to four feet thickness, then seven feet of 
a dark grayish limestone. These sections are made from a well which 
passes into the rock at William Mackin's house west of the school. 

Following to the northwest we find a large outcrop of eighty acres 
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extent east of the center of Sec. 17, T. 19 N., R. 6 E. Mr. Omsted of 
An Gres opened a small quarry in southwest corner of this section a 
number of years ago, and used the stone for the foundation of Mr. 
Griraore's house at Au Gres. It is believed that this stone is too 
arenaceous for burning. Mr. Omsted tried burning, but found that the 
lime was not suitable for use. 

If the outcrop is traced still farther to the northwest, in Sec. 1, T. 19 
N., R. 5 E., an excellent exposure exists. Starting east of the center of 
this section and running to the northwest corner, the limestone forms 
a distinct ridge of 25 feet height and one-eighth of a mile in width. At the 
east end of the ridge, Mr. Thomas Burt has had a small quarry opened 
for several years, and is burning a very satisfactory lime for general 
purposes. On the top of a six-inch layer of argillaceous sandstone are 
large angular blocks of limestone which are used for burning, and 
underneath the sandstone is a good limestone, which has been but little 
used. Near the west end of this ridge is GriflSn's quarry, where material 
has been taken out for road ballast. The following section will repre- 
sent the average formation of this quarry : 

14 foot clay. 

4 feet limestone of varying quality. 

Many nodules, containing calcite. 

Irregular pipe-shaped lime segregations. 

2 feet argillaceous sandstone with manj^ ripple marks. 

1 foot brownish sandstone. 

2 feet calcareous sandstone. 

The lower beds are limestone, as has been shown by core drilling. 
The following analyses of the Omer limestone have been made by 
Dow Chemical Company: 

Sample 1. Sample 2. Sample 3. 

SiO, 8.86 0.92 24.67 

(PeAl),03 94 0.43 .80 

CaCO, 96.74 

MgCO, *. 1.05 



This ridge of limestone ends in Sec. 11, east of the Detroit & Mackinac 
railroad, on Mr. Parker's farm. Lime has been burned here for several 
years, and it is of an excellent quality. The limestone used seems to be 
from the lower beds of the Griffin quarry, w^hich is east one-eighth mile 
and is 15 feet higher. 

Continuing in a northwest direction to the center of Sec. 35, T. 20 N., 
K. 5 E, here limestone occurs in a larger raised area of 150 acres extent, 
with but few feet stripping in places. Only the upper beds are exposed 
and in many places large angular blocks of limestone occur. The 
quality of this stone for burning will compare favorably with that found 
in Burt's quarry. On several of the older buildings at Omer this material 
was used and is still in good condition. 
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There are rumors of outcrops in the region of Sec. 30, T. 20 N., B. 5 
E. This is not improbable for one-half mile west rock is within 15 feet 
of surface. East of Arenac postoffice a field shows indications of a 
small extent of limestone near the surface. Mr. Stewart has made 
several small test pits and found the stone, but the wells of the near 
vicinity fail to show the stone to be of any considerable extent. A 
typical specimen from Arenac was analyzed with the following results: 

CaCO, 94.8 

Magnesia 1.1 

Iron and aluminum .9 

Insoluble 1.7 

Organic Matter by difference 1.5 



100.00 

Tn Iosco county in Sec. 30, Burleigh township, at the old Keystone 
dam is an extensive outcrop of Maxville limestone. The following 
strata are exposed: 

2 feet gray, brittle, hydraulic limestone, bottom layer filled with flint 

concretions. 

3 feet arenaceous limestone, with lime concretions of irregular shape. 
1 foot brittle, whitish limestone, with brownish streaks. 

4t feet grayish free stone. 

The upper layer has been analyzed with the following results: 

SiO, 6.32 

Pe, 0„ Alg O3 3.19 

Ca CO3 89.10 

MgO 71 

H,SO, : 00 

Loss on ignition 36.06 

This would be quite suitable for general lime burning. Its low per 
cent of iron and magnesia would make it suitable for hydraulic cement 
in connection with some suitable clay. 

The contact of the Maxville limestone and the Lower Grand Bapids 
is clearly shown at the junction of the Cranner creek and Johnson 
creek in Sec. 30, of Burleigh township. 

The limestone found at the old Keystone dam extends across Sec. 29 
at some 15 to 20 feet underneath the drift. Bumors of exposure in 
Sec. 27 and Sec. 34 have not been verified, but do not seem improb- 
able. In this township, in section one, one-quarter mile north of 
Detroit & Mackinac railroad bridge, across the Au Gres river on the 
west bank, is a small outcrop of the brittle light-colored limestone, of six 
inches thickness, and underneath is 10 feet of bluish and brownish clay 
shales. 

§ 3. Gypsum. 

The northern part of Arenac, the adjoining territory of Iosco and 
the southeast part of Ogemaw furnish some excellent outcrops of 
gj'psum. This is because the drift is not thick over the underlying 
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rocks and then this region is the natural outcrop of the Grand Rapids 
group. 

The most extensive exposures of the Lower Grand Rapids beds are at 
Alabaster in Iosco county. The beds comprise an ayailable working 
area of over 480 acres and have an average thickness of 23 feet. In 
i*eality, two beds are present, as where this was worked in earlier years 
a layer of hard fossiliferous limestone. and a small stratum of shale were 
between the two beds, but on working into the deposit, the shale and 
limestone have entirely disappeared. The stripping is stiff boulder clay 
of 10 to 12 feet in depth. The face of the exposure has been opened 
for more than a quarter of a mile in length. The beds dip slightly to 
the southwest and the surface shows the small ravines due to solvent 
action of w^ater. At the Alabaster quarry a large force of men are 
employed in quarrying, grinding and calcining. 

The impure gypsum, w hich is mixed with clay and colored with iron, 
is sold for land plaster. The variety which is streaked like castile soap, 
with irregular seams of clay, is shipped to eastern markets, where it is 
made into Mexican onyx. The purest gypsum is ground, heated and 
converted into familiar plaster of paris. The larger part of the staff 
material used for the World's Fair building and at the Pan-American 
came from this quarry. 

A flO-foot shaft was sunk several ^^ears ago by the Alabaster Company 
to determine the condition of the lower beds of their deposit. The 
underlying rock of the quarry is a bluish gray sandstone alternating 
with hard cherty limestone seams. At different depths several small 
beds of gypsum occur, the largest one nearly five feet thick, and at 85 
feet depth. 

At 90 feet a strong flow of water occurred, which stopped further 
work, and it is quite probable that this represents the bottom of the 
Grand Rapids group. 

In Sec. 28, T. 22 N., R. 6 E., one-eighth of a mile north of the old 
Glendon dam on the east bank of the Au Gres river is a cut which 
exposes the following section: 

One foot clay; four and a half feet gypsum, top layers very pink; three 
inches roughly foliated limestone and sandy limestone interstratified; 
two feet yellow^ shale; three feet bluish grayish arenaceous shale. 

From the sink holes in the vicinity, and the fact that gj^psum occurs 
on ridges, a careful test of this place with a drill might reveal a greater 
thickness than is shown in the cut. 

On the Au Gres river, in 8ec. 27, T. 22 N., R. 5 E., the river bottom in 
the southeast corner of the section is covered with a bluish gray arena- 
ceous shale, which is so closely associated with the gypsum deposits of 
this region. Nortliw^est, a quarter of a mile from the southeast corner of 
this section, a three-foot bed of gypsum occurs in bank of the Au Gres 
river. This is covered bv two feet of sandy limestone and underlain bv 
The blackish shales. 

Following the Au Gres river through the sections of the southeastern 
part of the above township many small beds of arenaceous shales are 
found. A number of sink holes in section 36, outcrops in sections 24 and 
12, are reported but have not been found. 

At Whittemore. in Sec. 10 of 21 N., R. 5 E., is a well which penetrated 
several beds of gypsum at 50 feet and 170 feet. North of Whittemore, 
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at Mr. Armstrong's house, beds of gypsum of five and seven feet thick- 
ness were passed at 90 feet and 130 feet in drilling for a flowing well. 

In this same township, in section 20, southwest of Whittemore,on Cran- 
ner's creek we«t of its junction with Johnson creek, is a deposit of light 
rose-colored gypsum in the bottom of the creek. The masses are here 
exposed for 200 feet along the creek bottom and are covered by a bluish 
grayish shale with streaks of arenaceous limestone. Careful exploration 
of the high clay bluffs of this region might reveal a bed of sufficient 
quality and quantity for working. 

Where the Detroit and Mackinac railroad crosses the east side of 
section 86 of this township, a large floater of gypsum occurs on the west 
side of the track. This did at one time show in the railroad cut, three feet 
from the surface. Some prospecting to the northeast might reveal the 
ledge from which this rock was brought by glacial action. A large sink 
hole occurs at this point and a small creek empties into the cavity. A 
drill test in this place might prove that the gj'psum was from the under- 
lying rock. 

At Turner, in Arenac county, in digging surface wells large boulders 
of gypsum are found. In digging shallow wells of 25 feet depth it is 
not uncommon to take out of the solid clay nearly one-halC of a ton of 
gypsum boulders. The water of a flowing well at the schoolhouse in 
Sec. 8, T. 20 N., K. G E., which is east of Turner, gives a strong test for 
gypsum. Near the corner of section nine, of the same town, Mr. Clukey 
drilled a 235-foot well and passed eight feet of gypsum at 95 feet. In 
Turner, near the Detroit and Mackinac depot, is a well of 300 feet depth 
and a very strong flow. The record of the well shows gypsum of five feet 
thickness at 64 feet. Mr. M. H. Eymer of this place has a well of 105 
feet depth, and at 50 feet passed a 12-foot vein of gypsum. 

Several years ago, Albert Hann opened a 36-foot pit east of Turner 
in southeast corner of section eight. The following section was passed: 

25 feet clay. 

3 feet bluish grayish arenaceous shale. 
11/^ feet gypsum. 
5 feet hard, flinty limestone, with small seam of gypsum. 

Mr. Hann did not continue the work because at this depth a large 
flow of water occurred and hindered further work. 

At Twining, in drilling the flowing well of William Lilleberger, a 
vein of gypsum was found at 25 feet, but its thickness has not been 
carefully observed. In Mr. Barr's well, on section 25, which is south one 
and one-half miles, a 10-foot vein of this same rock was encountered at 
20 feet, and the water of several wells in the near vicinity is very .bitter, 
giving with Ba CI, solution a strong precipitate of Ba SO4, which is a 
proof of the presence of gypsum in the water. Mr. Barr states that the 
mineral comes to the surface 40 rods west of his house, but this 
outcrop has not been found. There is no question but what a bed of 
gypsum of fair thickness underlies the region of Twining, Turner and 
Turtle. Its value for mining can be determined by careful work with a 
drill. 

In Au Gres, Mr. Bradley has a well through 10 feet of gypsum at 50 
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feet depth. On Mr. Grimore'g farm, one and one-half miles north of 
Au Gres, the rock is found at 40 feet. 

The outcrops of this formation have a limited area in this region and 
no evidence of gypsum of the Grand Bapids group outcropping have 
been found north of a line connecting Tawas City and West Branch 
and south of a line between West Branch and Au Gres. Gypsum is found 
in the deep wells of the Saginaw valley, but the above statement refers 
to a region in which a search might reveal the rock in suitable condition 
for practical working. 

Judge Sharpe of West Branch is the authority for the statement that 
three and one-half miles east of West Branch on the Bifle river is an 
outcrop of gypsum, which several years ago caused much excitement 
from its size and puilty. No careful exploration of this bed has been 
made and at present it is undeveloped. 

§ 4. Coal. 

Bumors of coal are very frequent from Arenac and occasionally from 
Ogemaw and Iosco. At present it is not doubted that these counties 
lie on the border of the Michigan Coal Measures and the Michigan 
Series. The location of the bottom of the coal measures is a matter of 
commercial importance to these counties. The field has been carefully 
examined and these conclusions will aid those who desire to save expen- 
sive experiments in testing for coal. From Dr. Lane's examination of 
the coal in the Bay City and Saginaw region he has found that the coal 
lies in a large basin, in which the lower veins are less extensive than 
the upper seams nearer the surface. At the edge of the basin we would 
not find the deeper beds at all, for they extend only a short distance out 
from the basin's center. It is obvious that deep drilling at the rim 
would fail to reveal the lower beds of coal and would penetrate the 
Michigan series and Marshall sandstone. 

The first reports of coal in this State came from the southern rim of 
the basin at Jackson and the northern edge at the Bifle river. Mr. 
Bennett, a Pennsylvania coal miner, was first to explore along the river. 
Bennett and Kinney prospected in 1875 and sold their claims to a Bay 
City company. This company sunk a test shaft, known as Bennett's 
shaft, in T. 19, B. 4 E., Sec. 3, N. W. 14 of N. E. l^ on the south side of 
the Bifle river. 

. In this shaft, according to reports, black shale and coal occurred at 
18 feet. This is apt to be correct as far as the shales are concerned, 
for the shaft was located on a clay terrace 15 feet above river bed, 
which contains an outcrop of bituminous shale. The entire depth of 
this shaft was 27 to 29 feet. The upper 14 feet was a loose drift, then 
three feet of hard calcareous rock, then three feet of hard black slate, and 
lower seven feet all "cannel coal," which of course is incorrect, as shown 
by the way the coal burns. At 28 feet this shaft wa^ drifted north 20 
rods under the river and a large quantity of the hard black shale 
removed. 

Many attempts were made to ship this coal, several car lots were 
drawn to Sterling and given a trial on the Michigan Central. It was 
found to have too much ash and smoke. A large raft was loaded with 
intention of shipping to Omer, but the project was hindered by the 
rapids in the river. 
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The coal taken from this shaft seemed to be of two kinds, one quite 
bituminous and breaking into blocks, the other a shaly coal of lighter 
color and more ash. After experimenting some time the company allowed 
work on the shaft to cease until McLean, of Bay City, in 1879 pumped out 
the standing water and after a careful examination sunk a shaft 60 rods 
to the southwest of Bennett's shaft on a high terrace south of river. 
After passing through 60 feet of sand the venture was given up and no 
coal was found. No work was done on the shafts until Mr. Sovereign, of 
Bay City, pumped the water from Bennett's shaft in the fall of 1899 and 
made a drilling in the bottom. Borings have been made on the north 
side of the river opposite Bennett's shaft and gave 25 feet of drift and 

20 feet of sandstone, with no signs of coal. Mr. Ortman, of East Sagi- 
naw, made a boring on the north side in this same location and found 

21 feet of drift, then sand rocks, blue shale and black shale to 190 
feet, but no signs of coal.* In the southwest corner of Sec. 2, T. 19 N., 
R. 4 E., which is three-fourths mile southeast of Bennett's shaft, a test 
was made, rocks, sand and shales were found under 60 feet of drift 
material at 100 feet, and no positive signs of coal. Mr. James Ramsdell, 
of Bay City, tested in Sec. 10, T. 19 N., R. 4 E., and found: 

75 feet sand. 
10 feet clay. 
7 sand rock. 

And from this point to 200 feet — , shales, fire clay, and at last the under- 
lying limestone. It may be that the shales found will prove small beds 
of coal, but no extensive beds are shown by the actual tests. 

Mr. Stevens, of Omer, dug in river bottom, 14 feet through shales and 
slate to fire clay, and made a small shaft into the river bank some 25 
feet in length. From these indications he sunk a test shaft on the south 
bank of the Rifle river in Sec. 8, T. 19 N., R. 5 E. This shait shows the 
following strata: 

12 feet clay. 

12 feet shale. 

6 feet fire clay. 

5 feet shale, very hard. 

1 foot coal (Cannel). 

1 foot fire clay. 

10 feet soft shale. 

1 foot coal. 



48 



The lower coal is block coal and is an excellent quality of steam coal.f 
Coal of the upper seam contains much sulphur and other mineral con- 
stituents and could not correctly be called cannel coal, as only very small 
seams of the highly bituminous coal occurs in the foot vein. The upper 
seam dips to lower seam, which is apparently horizontal; if the two meet 
a fair amount of coal would result. Mr. Sovereign pumped water from 

• Michigan Geological Survey. Vol. Ill, page 142. 
t See Analyses In Vol, VIII, Part II. 
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this sliaft in spring of 1900, and an expert miner of Bay City made an 
examination. The coal of upper shaft was pronounced good; it was not 
possible to examine the lower vein. Mr. Stevens drilled in bottom of 
shaft 122 feet and passed the slate and stopped in hard shales, which is 
no doubt the limestone of the lower formations. A test drill hole was 
made 25 rods south of this shaft and no coal reported. Mr. Stevens' 
shaft is located south of Rifle river in N. W. 14 of N. W. 14 of Sec. 8, T. 
18 N., R. 5 E., and the coal found here is evidently a pockety formation. 

At Deep River in 1875 Mr. Stevens, of Bay City, made a 120-foot test 
hole, and found such fair indications that he sank a 106-foot shaft, which 
gave : 

20 feet drift. 

10 feet clay. 

53 feet sandstone. 

20 feet shale. 

1 foot coal. 

' 2 feet shale. 



106 



The abundance of water which flowed into the shaft from the top of the 
sandstone is said to have made the project a failure. The wells one mile 
east of Deep River station reach the sandstone at 10 feet to 20 feet, and 
the bed of Deep river two miles east is a white friable sandstone, full 
of small pieces of coal, and in places showing thin seams of black shale. 
To the northwest of Deep River station in Sec. 29 rock is reached at 75 
feet, and in a test hole near the center of this section a small vein of 
black shale was reached. At Sterling it is 85 feet on the average to 
rock through the clay. At Culver, on the Michigan Central, Mr. John 
Dunn tried to secure a good supply of water for a mill and stock by deep 
drilling, but was unsuccessful. It was 300 feet to dark bluish shale, 
and going 200 feet into the shale gave no water. In Ogemaw county, 
T. 12 N., R. 1 E., three tests have been made, and in each case sections 
show plainly that the regions is well out of the coal basin. To try costly 
exploration for coal north of range 21 north would be a needless ex- 
penditure of time and waste of money. Dr. Lane suggests as the place 
for commencing preliminary explorations for coal 10 to 15 miles from 
the limits of the basin. This would make the region of Standish and 
Saganing quite likely to yield results. 

At Omer a rich black bituminous shale is found in many of the drift 
wells. Mr. Sanderson's well west of the village is a fair example of this 
class of wells; shale was found in small seams on top of white sandstone. 
In excavating for the abutments of the Detroit & Mackinac railroad one- 
eighth of a mile below Omer some two feet of rich bituminous shale was 
found directly above the sandstone which covers the river bottom for 
some distance below Omer. No practical use can be made of shale with- 
out a roof. Mr. Gore drilled on the east bank of the Rifle river below 
the bridge at Omer and passed sandrock, shale and limestone. The flow- 
ing well near the postoffice in this town passes some 40 feet of shale 
down 50 feet. Mr. Menzer, in the southern part of town, reached a 
twenty foot vein of shale at 60 feet. None of the deep wells north of 
Omer reveal any positive sign of coal, although in some of the deeper 
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wells at Tawas, Whittemore and Hale a shale is passed which belongs 
to the Michigan series, and has no relation to coal measures, and has led 
many to a strong belief in a rich deposit of coal. The strong ridge of 
limestone from Point Au Ores to the northwest (as described on pages 
13 to 15) marks the northern rim of the coal fields. 

§ 5. Water Supply. 

At the present time one of the problems which confronts the manu- 
facturers of this region is fuel for steam production. This was 
a question of no consideration in the days of abundant pine refuse from 
the mills, but today a supply of fuel will give a new lease of life to many 
of the small towns which were established during the period of a large 
lumbering business. 

The development of coal mines has given encouragement to the manu- 
facturing interests of Saginaw and Bay City. The regions north of the 
coal fields will eventually have to utilize the abundance of water power 
to be derived from the many creeks, lakes and streams of this region. 
At the present time long distance transmission of power has been so 
perfected that it is not impossible to utilize the power of all the rivers of 
a county. 

The Rifle river is especially suited for furnishing abundant w-ater 
power. For qpiiles this river flows between high clay bluffs, which would 
render damming easy, and only a small area of land would be lost by 
flooding. In Ogemaw county, T. 21 N., R. 3 E?, Sec. 9, the Rifle river 
flows over sandstone ledges for more than a mile. The remains of an 
old lumber dam exist one-eighth of a mile north of the iron bridge w^hich 
is near the southeast corner of the above section. A head of 10 feet 
could easily be secured here, and with careful construction, for the river 
bed is sandstone and the banks solid clay, it w^ould be possible to in- 
crease the head to at least 15 feet with an abundant supply of water. 

Going down the river from this point to Isle Rapids, one-quarter of a 
mile west of the southeast corner of Sec. 28 of the above town, the fall 
is (771-720) * about 50 feet. In Sec. 28 occurs rapids three-quarters 
of a mile in length over beds of arenaceous limestone. The place would 
afford a head of at least 10 feet. 

Where the abandoned line of the Detroit & Mackinac railroad crosses 
the Rifle river in Sec. 12, T. 20 N., R. 3 E., the elevation is (>J)3* feet, mak- 
ing a fall of 27 feet from Isle Rapids. Wells creek flowing into the 
Rifle river in section 19 of the above township, brings in a constant 
volume of water. The river below the creek's mouth is 100 feet wide, 
averages three feet deep, and has a current of four miles per hour. Clay 
banks 40 feet high would afford solid anchor for dam. From the old rail- 
road crossing down river to the mouth of this creek there is a fall of 
eight feet (693-685). 

In T. 19 N., R. 4 E., east part of section three, a dam was built by a 
lumber company for flooding river. This is 250 feet long, solid clay banks 
with bed rock forming the foundations. A fall of 15 feet occurs and is 
the average for the year. Much trouble has resulted from spring 
freshets. The top of the dam has an elevation of 681 feet A. T., bottom 
666 A. T. and a fall of 22 feet from the mouth of Wells creek. Rapids 
occur in river bed in many places below the dam. In the northeast 

•Above tide line (A. T.) ; Lake Huron is 580 feet above it. 
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coruer of section one, near the town line, is a favorable site which would 
furnish abundant power for a small flour mill which could draw on the 
region around Melita for flour, feed and custom work. 

At Omer a saw and flour mill are operated by water power. A strong 
steady head of 13 feet is maintained for the year. The elevation of top 
of dam is 608 and the bottom is 595. The bottom of river is soft sand- 
stone and shale. The old Rifle river canal in the west half of Sees. 36 
and 25 of T. 19 N., R. 5 E., which extends from the river to Wigwam 
bay lias a fall of 15 feet in one and a half miles. Mr. Chesbrough, a 
prominent lumberman of early days, cut the canal for log driving, and 
it was unsuccessful on account of the large amount of sand encountered. 

Some of the larger creeks flowing into the Rifle river could be utilized 
for small power. Wells creek at Alger would afford sufficient supply for 
an overshot wheel for a small mill. Silver creek and Manfleld's creek 
would yield power on small scale. 

The west branch of the Rifle river could be relied upon for at least two 
dams of ten foot head and 75 to 100 feet in width. The east branch of 
the Rifle river near the north line of T. 22 N., R. 3 E., would provide 
power for several small mills. 

Lake Ogemaw, a glacial lake which is two and a half miles northwest 
of West Branch and is 175 feet above the town, might at some future 
time furnish the place with a source of pure water supply and some 
power. In the basin of the Rifle river a large number of these glacial 
lakes are found with great variation in elevation. Power could be 
obtained in many cases by cutting canals. 

The Au Sable river, in Crawford, Oscoda, Alcona and Iosco counties, 
from a short preliminary examination reveals an abundance of power. 
In the rapids in T. 24 N., R. 7 E., a fall of over 50 feet occurs in four 
miles. Several very advantageous sites for dams occur in the above 
township, and it is believed that places would yield 2000 horse power. 
The extent of the drainage basin, the number of tributaries, the con- 
stant volume and the average velocity with the high terraced clay bluff 
form a stream which will repay careful investigation by those interested 
in cheap power. 

The Pine river, in Arenac county, while a small stream, of which not 
over 10 miles could be u.sed for power purposes, has a fall of 44 feet be- 
tween Standish and Saginaw bay. A point near the southeast corner of 
Sec. 5, T. 18 N., R. 5 E., where the Pine river receives its south branch, 
would supply power for a small industry, as a creamery. The water sup- 
ply might fail during a part of the summer. At Deep River, on the Mich- 
igan Central, the north branch of the Pine river runs in a narrow valley, 
which affords an excellent location for a small dam with a head of at 
least eight feet. On the Pine river at Standish, Mr. Norn has a dam 
used for a log boom, and this has a head of eight feet, which could be 
increased enough to supply power for a small mill. 

The Saganing creek, in the southern part of Arenac county, is rather 
deficient in volume to expect much power, although a dam northeast of 
Worth where the stream begins to pass out of the old lake shore would 
furnish several farmers with power for a small feed mill. 

Tawas river, in Iosco county, with its source in a small group of 
glacial lakes near the southwest corner of Sec. 31, T. 23 N., R. 7 E., passes 
eastward through the township between high clay banks capped with sand 
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at the southeast corner of Sec. 24. At this point it has an elevation 
of 666 feet A. T., or about 84 feet fail to Lake Huron level. Mr. Rodman 
has a water power saw mill in section 24 with a head of 15 feet and has 
an abundance of water the entire year. At Tawas City the river has a 
fall of three and a half feet in three-fourths of a mile, and a breast 
wheel at a narrow point would furnish power sufficient for small 
machinery. 

In the northwestern part of T. 23, R. 5 E., lies a small group of glacial 
lakes very irregular in outline and each having a different elevation. 
The largest member of this group is Big Long lake, nearly two miled long 
and a quarter of a mile in width on the average. It is over 35 feet higher 
than Little Loon lake which is south a quarter of a mile. A connected 
channel would furnish power for a small feed and flour mill which the 
country needs. 

The Au Ores river, of Arenac, Iosco and partly in Ogemaw, is fed by 
a large number of small tributaries and a few glacial lakes. The river 
rises in Styles lake; three-fourths of a mile southeast a dam on the outlet 
has a head of eight feet, and could be easily increased. At the junction 
of Hope creek and Au Gres river in Sec. 28, T. 22 N., R. 5 E., an average 
depth of one and a half feet of water and 20 feet width occurs. The 
banks are high and of solid clay. Much land would be flooded by a dam 
which would have a head of 10 feet. The river has an elevation of 655 
feet at the Detroit & Mackinac railroad bridge, two miles east of Whitte- 
more. In Sec. 18, T. 21 N., R. 5 E., a lumber dam was constructed and 
the location is an excellent one for a small mill requiring a 10-foot 
head. The river between the crossing of the railroad above and the main 
line north of Turner has a fall of nearly 30 feet (655-620). It would not 
be possible to utilize the lower course of the Au Gres river for power to 
any extent, for the low banks would allow too large a tract of land to 
become waste and swamp. At the junction of Whitney creek and John- 
son creek, in Sec. 20, T. 21 N., R. 5 E., a head of 15 feet and a width of 
100 feet could be obtained, but summer would lessen if not destroy the 
power for two months. 

Near the center of Sec. 28, T. 22 N., R. 6 E., on the east branch of the 
Au Gres, the high banks and bed rock of the stream furnished a good 
lumber dam for flooding the river. The average width is 30 feet and 
depth one and a half feet, which could be made to give a head of 15 
feet. Between this point and the crossing of Detroit & Mackinac railroad 
at East Branch station there is a fall of 31 feet (671-640); this would sup- 
ply power part of the year at East Branch. Below this point the river 
banks are too low to ever allow much use of power. 

The value of the water supply of this region lies not only in the 
abundance of power but also in the large number of flowing wells which 
may be obtained in many places by careful drilling. An abundant sup- 
l>ly of pure water is essential for domestic purposes and is valuable in 
dairying, cooking and drinking. 

The underlying rock formations in this district dip to the south and 
southwest. Some of the rock strata are more porous than others, which 
fact enables them to become the source of underground water. The 
impervious beds above and below a porous stratum hold the water to the 
level of the lowest outlet and when the beds are penetrated in drilling, 
if the head is higher than the well a flow results. Then again flows are 
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formed by drilling through sand, gravel and clay on the slope of a 
moraine; the sand and gravel acting as the reservoir for the water. 
Wells of the last mode of formation are quite common near Tawaa City 
and West Branch. Flows from the bed rock occur at Au Gres, Omer 
and Standish. 

At Au Gres, Mr. Badour has a well which gives a strong flow; with 
traces of sodium chloride, calcium sulphate and some H,S. The depth 
of the well is unknown, but it is probably nearly 200 feet, and is near the 
bottom of the Michigan series. At one time a large bath house and hotel 
was supplied with the water. At present it is flowing freely and ought to 
be checked, because water having a strong flow will in time destroy or 
lessen its head. Flowing wells are easily obtained, in the Au Gres 
country, and some of the enterprising farmers are taking advantage of 
the quality and quantity of water for dairy and stock purposes. The 
water is well suited for cooking and cooling purposes, having on an aver- 
age a temperature of 50 degrees. Small flows are obtained at 150 and 175 
feet. These yield a higher percentage of salts and the quantity of water 
is much less. 

At Omer a well of 315 feet depth serves the purpose of the town pump. 
It gives an abundant supply of water and did supply two small hotels. 
This well is into rock, and it is quite probable that it reaches the Mar- 
shall. The shallow wells of 35 to 50 feet are in the white sandstones and 
black shales which furnish poor water in small quantity. Mr. Squires 
had a well near his store wiiich contained so much H, S and sulphates 
that it was abandoned. 

At Standish the public schools and court house are supplied with wells 
which vary in depth from 50 to 230 feet. At present time only one well 
at the primary school building is flowing, although when these wells 
were seen all were flowing with a strong head. The deeper wells having 
no flow now had the stronger in 1899. The Wooden Ware Company has 
a 75 foot well which flows and gives water of the following composition: 

CaCO,=2.52 grains per U. S. gallon, 0.043 parts per thousand. 

MgCO,=1.74 0.030 

CaS04=2.52 0.043 

Na,CO3=3.04 0.052 

Mr. Norn, of Standish, owns a 1900-foot well drilled by Mr. Coryell, of 
Bay City. The flow at present is very strong from a depth of 400 feet. 
Abundant brine was found at 1000 feet to 1300* feet but was easily ex- 
hausted. This well seems to have passed into the Coldwater shales, as 
at 1900 feet the bluish shales wei-e found, but this is only driller's record. 
Dr. Grigg, of Standish, believes this to be a good mineral water and has 
a number of cases on record which compare favorably with effects of 
some of the standard mineral waters. 

At Turner and Twining flows are obtained at 90 to 105 feet. At the 
latter place Mr. Lilleberg has a flow at 90 feet which is medium soft 
water having a trace of sulphates and carbonates. South of Twining 
many of the farmers cannot obtain good water for domestic purposes; it 
is bitter and has an abundance of calcium sulphate which renders it unfit 
for cooking purposes. Mr. Eymer, of Turner, has a flow at 105 feet which 
is very hard water, coming from a sandstone layer in the lower Grand 
Kapids group. 

•Salt Inspector S. S. Garrlgues reports in 1880. that a 98 per cent brine was met at 1700 feet. 
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The large flowing well near the station in Turner serves the town for 
fire protection and is the strongest flow yet described. This well has a 
total depth of 250 to 280 feet. The water contains more sodium chloride 
than the shallow well and is similar in density and composition to deep 
well water of Omer and Au Gres. The well if not allowed to waste itself 
will furnish abundant water for years. At the schoolhouse in this town 
a flow is found at 130 feet, and is stronger in calcium sulphate and has 
a greater density than the deeper well. 

At Tawas City at least twenty flowing wells occur from 60 to 125 feet 
for the shallow flows and two deep wells at 700 feet and 800 feet. The 
shallow wells are on the '4ake side of a water laid moraine" and do not 
reach rock. A gravel bed is the source of supply and the wells vary 
greatly in the quality of water, those at 90 feet being very soft, those at 
50 to 75 feet showing mu'ch calcium sulphate and calcium carbonate. 
The rock is reached at 95 feet, and wells into the rock give hard water. 
The wells at the public school and the Grerman school are very strong 
flows. The latter is the deeper and softer, the former is hard. At ten 
places within this village are strong flowing wells, and the majority of 
the flows are allowed to run with no check. Such a valuable water sup- 
ply ought to be carefully protected from exhaustion and not allowed to 
run when unused. A more careful report of this region is to follow. This 
area of flowing wells extends south and north of Tawas City, and only a 
small distance east and west. At East Tawas the wells are very difficult 
to obtain and only a very few weak flows have been found by drilling shal- 
low wells. The deeper wells of Tawas City were originally bored for 
salt, and at the present time these have strong flows on the sites of 
former extensive saw mills and salt blocks. Where the Gaus hoop mill 
stood south of Tawas City the well is very strong in chlorides, sulphides 
and hydrogen sulphide. A similar well occurs a short distance west of 
Mr. Peter Evertz's store. The percentage of hydrogen sulphide is so high 
in this well that the characteristic odor is clearly recognized by those 
in the near vicinity. A combination of waters taken from different 
depths in this region might make a mineral water of commercial value 
and lead to the establishment of a sanitarium. 

At West Branch a large number of flows exist at 60 to 80 feet for shal- 
low flows and 200 to 240 feet for stronger flows. The deeper are in the 
bed rock and are very constant in volume, while those of the lesser 
depths are in gravel beds and quite irregular in quantity. 

The value of this cheap method of water supply will undoubtedly lead 
many people to try for flows. Some regions are suggested in a brief 
way which might be made to yield a flow. In the vicinity of Glennie, 
Curtis and West Greenbush, of Alcona county; east of Prescott and 
south of Sage Lake, in Ogemaw county; in Arenac county west of 
Standish some four miles, and a four mile strip of country along Saginaw 
bay from Alabaster to Pinconning is more than likely to yield good flow. 

g 6. Clay ami Shales. 

The rapid increase of the hydraulic cement industry due to the abun- 
dance of marl, limestone and coal is creating a demand for clays, low in 
lime, magnesia and iron, and high in silicates. The surface clays of this 
region are directly or indirectly derived from glacial action which ac- 
counts for their great variation in composition and thus become a source 
4 
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of annoyance to large cement companies, for having once located a clay 
bed the quantity may be unlimited but the quality is frequently 
unreliable. 

The region under discussion has poorly drained areas which could be 
greatly improved by artificial means. A few large, well located drains 
are doing excellent service but the large part of the underdrained land 
remains to be improved by tiling. As the country is becoming more 
closely settled these conditions are slowly creating a market for home- 
made tile, which could be manufactured from some of the abundant 
clay deposits. Several good brick yards are in operation but the demand 
for bricks is not strong. 

The clay from the Standish brick yard is taken from a four foot bed of 
slightly pebbly glacial clay which shows by analysis a small percentage 
of lime but still has many small limestone pebbles which prove deleteri- 
ous to three per cent of the bricks made. In some of the finished product 
the lime on exposure to air and moisture slacks, in this manner soften- 
ing and disintegrating the brick. Blowholes caused by escaping gases 
are also present. If the clay was carefully crushed and perhaps screened 
or washed as at Sebewaing to free it from all x)ebbles a much better 
product would be secured. More experience and a bettei; demand for the 
brick will no doubt remedy all of the diflSculties. The following illus- 
trates the composition of clay from this brickyard which is north of 
Standish on the Pine river: 

SiO, 37.36 39.10 

CO, 17.16 16.38 

Fe,Og 3.36 5.60 

A1,0, 20.02 9.39 

CaO 17.79 16.42 

MgO 3.28 4.06 

Organic Matter 1.03 9.14 

At Alger, on the Michigan Central, a light sand exists on a heavy clay 
which is seen east of the station one mile, on the eastern part of Sec. 10, 
T. 20 N. and 3 E. This clay is high in Mg and very gritty. It is too 
calcareous for cement purposes. It might make a fair tile or brick mate- 
rial as the following analysis shows: 

SiO, 39.00 

CO, : 19.82 

Fefi, 3.12 

AlA 13.16 

CaO 15.37 

MgO 2.01 

Organic 8.52 

A clay deposit occurs one and one-half miles west of Sterling, which 
is in Arenac county on the Michigan Central. This is free of pebbles 
and has a high percentage of magnesia and silicon oxide. At Summit, 
which is northwest three miles on the railroad from Sterling, clay has 
been formed into a moraine and is very high in MgO. 

An extensive bed of brownish colored clay constitutes the bed and 
parts of the banks of J^Ianfield's creek at Shearer, which is on the 
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abandoned line of the Detroit and Mackinac railroad. Several years ago 
an attempt was made to produce a suitable brick and from an exami- 
nation of a large number which were burned from this clay it shows 
that a good brick was produced, but the lack of demand prevented 
further work. The clay is very high in aluminum and the first of this 
•element produced in Michigan was manufactured from clay taken from 
this deposit. 

A small brick and tile yard was started at Omer in Arenac county 
and after a few trials has been inactive. The clay used was taken from 
near the Rifle river and east of the railroad bridge. This clay is of a 
fine quality for the above purposes and such an industry on a small 
«cale might find a market for its output in An Gres, Turner and Twining. 

South of TaVas City in Iosco county, in Sec. 2, T. 21 N., R. 7 E., is 
u 40-foot clay terrace which is covered with sand. In some of the deep 
ravines of transversing creeks a solid bed of pebbly clay is exposed. 
The clay is slightly calcareous and contains a small percentage of sand. 
Over twenty years ago bricks were made here from clay taken from the 
«ide of the terrace and several house chimneys were built from these 
bricks and they have proved to be of excellent quality. Some trouble 
was experienced with lime. This might be a favorable place for invest- 
ment of a small capital, for at present bricks would find a market. 

North of Tawas City in Sec. 22, T. 22 N., R. 7 E., an attempt w^ made 
to build a schoolhouse from bricks made of clay obtained from north- 
east corner of this section. The clay is of medium quality but poor 
l>rick have been produced by underburning and too much sand. At 
Harmon City in Sec. 24, T. 20 N. and 7 E., occurs a bed of very plastic 
clay which has been used by masons at TawaS City and Au Sable for 
lining the arches under boilers and serves the purpose of a medium 
fire clay. This deposit is low in lime and high in oxides of aluminum 
and silifon. This clay has the following analysis by F. S. Kedzie: 

SiO, 58.85 

A1,0, 14.45 

Pe, O, 7.60 

GaCO* 2.94 

MgO 86 

SO, 1.73 

K,0 2.54 

Water of combination 7.50 

Organic matter 3.43 



The following analysis of clay by H. & W. Ileim, of Saginaw, rep- 
resents a similar deposit:* 

S,0, 54.5 

Al^O, 24.85 

Fe,0, 7.2 

CaO 2.95 

MftO 1.75 

SO, 1.33 

Loss on Ignition 6.5 

* This clay occurs in connection with gypsum In the Lower Grand Rapids series and has 
a high shrinkage and would for brick take quite a little sand, but makes an excellent red 
brick, suitable for face and perhaps paving brick. 
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ALCONA COUNTY. 

During the year Mr. J. H. KillmaBter of Alcona county wrote to the 
Karvey, inquiring as to the poBsibility of a survey of that county. 1 
pointed out to him that we were working that way, but that we had not 
money enough to take up that county, without dropping something of 
equal importance. So he brought the matter before the Board of Super- 
visors with the result that they voted f200 to be expended under my 
supervision. This money was largely expended in employing Mr. Lev- 
erett, one of the most expert surface geologists in the United States, 
who was fortunately for us engaged on work for the United States 
Survey at West Branch and was courteously released for a time by 
them, BO that no heavy bill for traveling expenses was incurred, Mr. 
Killmaster also, by giving the free use of his team of horses, saved 
the county many dollars. We also had made analyses of certain 
products. The report of the county was necessarily brief, and coming 
out of order in our studies, may need some revision when adjacent 
counties are complete. The report banded to the Board of Supervisors, 
which follows, ia therefore necessarily incomplete. 



REPORT ON THE SURFACE GEOLOGY OF ALCONA COUNTY, 

MICHIGAN. 



BY FKA^K LEVERETT. 



INTRODUCTION. 

Situation and area. Alcona county is situated on the border of Lake 
Huron in the northeast part of the southern peninsula of Michigan. 
Its south border is near latitude 44° 30' and its north border about 
latitude 44° 50'. The border counties are as follows: Alpena on the 
north, Oscoda on the west and Iosco on the south. It embraces sixteen 
full and four fractional townships, the latter being along the shore of 
Lake Huron. Townships 25 to 28 N. and ranges 5 to 9 E., inclusive, 
fall within its limits. The area is about 690 square miles. The land 
surface is, however, somewhat less for there are several lakes in the 
county. The largest, Hubbard lake, has an estimated area of thir- 
teen square miles, and the combined area of all the lakes probably 
reaches twenty-five square miles, thus leaving an area of about 665 
square miles of land surface. 

Alcona was organized into an independent county in 1869. It was 
attached to Cheboygan county from 1853 to 1857, to Alpena county in 
1857 to 1858, to Iosco county in 1858 to 1859, and again to Alpena 
county from 1859 to 1869. From 1859 to 1866 it constituted but a 
single civil township of Alpena county, the township of Harrisville. 
Alcona township was cut off in 1866 and Greenbush in 1868. There 
were thus three civil townships at the organization of the county. At 
present there are eleven civil townships in the twenty land survey town- 
ships distributed as follows: 

Curtis, in T. 25 N., Rs. 5 and 6 E. 
Mikado, in T. 25 N., Rs. 7 and 8 E. 
Greenbush, in T. 25 N., R. 9 E. 
Millen, in T. 26 N., Rs. 6 and 7 E. 
Gustin, in T. 26 N., R. 8 E. 
Harrisville, in T. 26 N., R. 9 E. 

Mitchell, in T- 26 N., R. 5 E., T. 27 N., Rs. 5 and 6 E., and T. 28 N., 
R. 5 E. 

Hawes, in T. 27 N., Rs. 7 and 8 E. 

Haynes, in T. 27 N., R. 9 E. 

Caledonia, in T. 28 N., R. 6 E., and north half of T. 28, Rs. 7 and 8 E. 

Alcona, in T. 28 N., R. 9 E., and south half of T. 28, Rs. 7 and 8 E. 
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Settlement and population. Situated aa it is on the shore of I^ke 
Huron, fishermen came to this county in advance of actual settlers. 
They wandered from place to place and built temporary dwellings or 
camped in the open air. The fishermen in some instances cultivated 
small garden patches, and one (8. M. Holden) started a cooperage busi- 
ness on the site of Springport, to supply barrels in which fo ship the 
fish. There wei-e fishing stations at the cove near Alcona postofBce, 
at the high banks where Springport now stands, and at Greenbush, 
which were thronged at an early date with fishermen. There seems to 
have been no other industry from the arrival of the first fisherman 
(thought to have been William Collins), about 1835, down to 1854, when 
the first sawmill was built. This mill was put up at Harrisville by two 
fishermen, Crosier Davison and S. M. Holden, but was soon sold to 
Benjamin Harris and sons, the persons after whom Harrisville was 
named. It utilized the power afforded by the small stream which enters 
I^ke Huron at this village. 

The first school was started in 1860, and was taught in the loft of the 
Harris store. The following year religious meetings were first con- 
ducted, the preacher being C. J. Merchant, a Methodist itinerary. The 
first physician was Dr. John Lyman, and the first lawyer, B. Z. Bpberts. 

In 1866 the Harris firm sold out its business to Weston, Colwell & 
Co., a firm with more capital, who gave the lumber business a fresh 
impetus and brought in a number of new families. The same year 
systematic efTorts were made to induce settlers to clear up farms and 
develop the valuable agricultural resources. Boads were soon surveyed, 
stumps pulled and tumpik-es constructed that aided materially in 
opening up the country to settlement.' 

The lumbering industry was pushed so vigorously by several lumber- 
ing firms that the country was soon stripped of its rich growth of 
timber. The valuable agricultural lands were recognized as such by 
the woodsmen, many of whom have with profit abandoned lumbering 
and taken up farming. A population of less than 6,000 is now spread 
over a county whose soil will easily support two or three times that 
number. 

The growth of population is shown in the following figures, taken 
from the United States Census reports: I'opulation, 185 in 1860; 696 
in 1870; 3,107 in 1880; 5,109 in 1890, and 5,C91 in 1900. There are at 
present about eight persons to the square mile. Only four other counties 
in the southern peninsula have a thinner settlement and these are all 
far bolow Alcona in agricultural resources. The fact that the villages 
of Alcona county are very small should be considered in dealing with 
Ihe subject of thinness of settlement. Harrisville, the county seat 
and largest village, bad in J900 a population of but 403, and the com- 
bined population of the villages scarcely reaches IflOO, or about 25 per 
cent of the entire population. The decline of the lumber industry has 
affected the villages unfavorably, some of them having shown a marked 
decrease between 1S90 and 1900. But the growth of farming has been 
such as to more than offset this decrease so that the population was 
slightly greater in 1900 than in 1890. 

' For man; of the fnctn conc^rnlnf; carl.T NotllcmeDt I am Indebtpd to R pamphlet of 13 

Snges eolltled "A brief historj of the loiinlr o! Alconn, MichLgan- prepared by Charles P. 
eyaolds ot Harrbvllle and published by the TlarriBville ReTlew FrtotlnE OIBce, In 1877. See 
also nislory of the Lake iluron Shore, n. It. l-age t Co.. ChlcaKO. 1SS3. 
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Transportation facilities. The transportation facilities are excellent in 
the better settled eastern and southern parts of the county. There are 
docks and landings for steamers at convenient intervals on the shore 
of Lake Huron and a regular boat service in the summer months. The 
Au Sable & Northwestern railroad (narrow gauge) passes through the 
settlement in the southwest part of the county, and connects with the 
Detroit & Mackinac railroad at Au Sable. There is also an unob- 
structed river from where the Au Sable enters the county to its mouth 
at the village of Au Sable, which is extensively utilized for rafting tim- 
ber. The Detroit & Mackinac Railroad Company has an old line passing 
from Black river southward to Au Sable through Lincoln and Mikado, 
and has constructed. a new line along the shore the present year which 
gives Harrisville and Greenbush a much needed railway service. 

During the lumbering period there were several lines running into 
the central and western parts of the county which were abandoned 
with the decline of the lumber industry. The graded beds are, however, 
easily changed into wagon roads by the removal of the ties, and in some 
cases they have been pressed into service without the labor of removing 
the ties. Such roads are, however, a torture to the traveler as the 
writer has had occasion to experience. In this connection it may be 
remarked that throughout much of the county improvement in wagon 
roads is needed. 

Previous geological work. There being no outcrops of rock in Alcona 
county it has received but little attention from geologists. The county 
was explored to some extent by the first State geologist, Douglass 
Houghton, in 1838 or earlier, for he touches upon its salient topographic 
features in his second annual report, submitted in February, 1839. 
After discussing the general features of the region north of Saginaw 
Bay he remarks : ^ 

**An exception to the flatness of the country, exists in an elevated dis- 
trict commencing in high hills a little south of Thiinder Bay river and 
stretching in a southwesterly direction toward the head of Lake Michi- 
gan. This range at its commencement is usuallv known as the highlands 
of the Au Sable." 

Attention is called by Houghton to ledges of limestone near the 
mouth of Thunder Bay river, which would be a barrier to the navigation 
of that stream, but he found nothing of the sort on the lower course 
of the Au Sable, and suggested the feasibility of navigating the stream 
unless it should prove to have too much shifting sand. The .reconnais- 
sance made by Houghton seems to have given him a false impression of 
the agricultural conditions of this region for he remarks that it is "ill 
adapted to the purpose of agriculture, being composed chiefly of sandy 
ridges with intervening swales, and rising so gradually toward the 
central part of the State as to leave the country extremely flat." This 
remark would apply only to a small part of the surface, but as thait 
part is situated along the streams and the lake shore, that is, in places 
most accessible to the early explorer, it would naturally stamp the 
whole region unfavorably. In this connection it may be remarked that 

the prevalence of pine forests has tended to perpetuate the unfavorable 

-■ .^_^^ 

» Senate Documents Michigan 1839, p. 267 ; also House Documents Michigan 1839, p. 383. 
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name which this region so early received for it has been generally 
supposed that pine grows only on barrens. It remained for the settlers 
to demonstrate by abundant crops and the general evidences of thrift 
that this and other regions with pine timber really have a large amount 
of productive land. 

So far as known to the writer no geological work of note was done 
in this region from the time of Houghton's reconnaissance down to 
1895, when F. B. Taylor made a trip along the shore of Lake Huron 
from Mackinaw to Saginaw Bay to determine the number and altitude 
of the old shore lines. He found two well defined beaches above the 
present one in the district north of the Au Sable river.^ Taylor also found 
that higher beaches which are present in the Saginaw basin are not 
present in Alcona county and the county to the north, because this 
northern region was still covered by the great ice sheet. 

State Geologist A. C. Lane made a trip through the southwest part of 
Alcona county in 1897, notes upon which are presented in a bulletin 
on the water resources of Michigan published by the United States 
Geological Survey.'"* These notes refer to water power on the Au Sable 
river, which is said to be excellent but unused, to the general topographic 
features and to the favorable conditions for obtaining flowing wells on 
the southern slope of the elevated tracts which traverse the western part 
of the county and extend southwest across Ogemaw and ( 'lare counties. 

Scope of the present investigation. An allotment having been made by 
the board of county supervisors in October, 1901, for an examination 
into the resources of Alcona county under the direction of the State 
Geologist, the present writer w^as engaged to proceed at once to the 
field and collect the necessary data for a report upon the character 
of the soils, the occurrence of marl or clay, of notable value, the condi- 
tions and prospects for flowing wells, and the general distribution of 
underground water, and to obtain such data as the region affords that 
will bear ui)on the underlying rock formations. The investigation is 
similar to that already made in central and southern Michigan under 
the United States Geological Survey, but the present report enters more 
into detail concerning the resources of the county than is practicable 
in the more general and comprehensive report in preparation for the 
United States survev. The field work was done in October and the 
early part of November, and for its rapid and easy prosecution the writer 
is indebted to the several members of the board of supervisors and to a 
number of other citizens, notably J. H. Killmaster, Edward Chapelle, 
Charles Conklin, George Kutson, L. A. Colwell, E. M. Larson, D. W. 
Brooks and O. W. Goodseli. Indebtedness is also acknowledged to the 
Detroit & Mackinac and the Au Sable & Northwestern railroads for 
transportation over their lines and for valuable data. 

Owing to the undeveloped condition and lack of roads in the western 
half of the county the examination was necessarily less detailed than 
in the more highly improved eastern part, but this deficiency has been 
partially filled by information furnished by supervisors and other old 
residents. 

^ For discussion of these beaches see American (ieoioglst Vol. 17, 180(». pp. 253-257. Also 
Drver's Studies In Indiana Geography, Inland Pub. Co., Terre Haute. Indfuna, 1897, pp. 90-110. 

-Water Supply and Irrigation Tapers of the U. S. (Teolojfieal Survey No. 30, Washington* 
Government I'rinting Office, 1899. See especially pages 20, 73-75. 
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CLIMATE. 

The effect of the great lakes in modifying the climate of the bordering 
districts is a subject which has been thoroughly considered and ably 
discussed by one of the early State geologists of Michigan, Alexander 
Winchell, first in his report of progress for 1870, and subsequently in 
Harper's Monthly and in Walling's Atlas of Michigan, and in a separate 
publication entitled "Michigan." The subject is so complicated that 
space will not permit full presentation, and we can do little more than 
outline a few of the conditions prevailing in the particular region under 
discussion. 

It is found that in winter the isothermal lines or lines of equal tem- 
l)erature are much farther south in the interior of the southern peninsula 
than on the borders by Lake Huron and Lake Michigan. It is no colder 
at Harrisville on the shore of Lake Huron and at Traverse City on a bay 
of Lake Michigan, each about latitude 44° 40', than at Flint and Owosso 
in the south central part of the State near latitude 43°. But the winter 
mean temperature at Harrisville is nearly three degrees warmer than 
at Grayling, a town in the same latitude in the interior of the State, 
as shown in the table below. In cold waves the contrast is often much 
more striking than that of the mean temperature. Thus the coldest wave 
that has been experienced in Michigan in the past 12 years was that 
in February, 1899, when the thermometer at Harrisville dropped to 25° 
below zero; but this was 16° warmer than the record at Lake City and 
Grayling, and 18° warmer than at Mancelona as reported in the United 
States Weather Review for that month. In the 12-year period just 
referred to there have been but three months in which the temperature 
at Harrisville has fallen lower than 20° below zero, but the interior of 
the State has experienced such a temperature in two or more months 
in nearly every winter. The following table of temperatures at Harris- 
ville and Grayling for the four winter months, December to March 
inclusive, in the past five years, will serve to show the contrast between 
the shore and the interior, as well as the variations at each place. 
Grayling is in the same latitude as Harrisville and 70 miles west. 

TABLE OF AVERAGE WINTER TEMPERATURES, 
(rompiled from U. S. Monthly Weather Review.) 



1 erioci. , ^.jjj^^ 



,Deg. Fahr. 

Winter of 1896-7 1 24. 4 

Winter of 1897-8 1 25.1 

Winter of 1898-9 ■ 19.0 

Winter of 1899-1900 21 . 2 

Winter of 1900-1 i 21.4 



Five year average ! 22 . 2 



Grayling. 



Deg. Fahr. 

21.4 
22.8 
15.6 
19.1 
19.2 



19.6 



In summer tlie temperature, as indicated in WinchelFs isothermal 
map, is as high in the interior of Michigan in latitude 44"^ 40' (that is 
the latitude of Harrisville) as it is at the southern ends of Lakes Huron 
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aod Michigan and decidedly warmer than at Harrisville or Traverse 
City. The map shows the mean summer temperature at Harrisville to 
be abont 63 degrees above zero, while at the headwaters of the Au Sable, 
near the same latitude, it is 66 degrees. An examination of the Weather 
Review records at HarrisTllle and Grayling for the past five years 
(1897 1901, inclosive) shows the temperature at Harrisville to average 
65 degrees for the summer months, while that at Grayling averages 66.4 
degrees. The difference, therefore, is slightly less than Winchell's map 
indicates and is not so striking as that of the winter temperatures given 
in the table above. In spring and fall the climate is more equable on the 
borders of the lalces than in the interior of the State. Killing frosts are 
infrequent after crops are started in the spring or before they ripen in 
the fall. In the State Geological reports for 1839 to 1841 Douglass 
Houghton and his assistants made references to the fact that the 
Indians had grown corn successfully on the borders of the Great Lakes 
in several of the northern counties of the southern peninsula. Fruit 
growers have also found that the lake borders are the most favorable 
parts of the State for orchards. The thrifty apple orchards of Alcona 
county bear strong testimony to the favorable climatic conditions. 

The following records of temperature and precipitation taken from 
the United States Monthly Weather Review for 1900 serve to indicate 
the ordinary conditions at Harrisville, except that precipitation is 
remarkably low for the month of June, As no station for weather obser- 
vations has been established in the back part of the county or for some 
distance farther Inland, the departure from conditions at Harrisville in 
that part of the county is not known. 
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The rainfall of this county is not more likely than temperature to be 
ill adapted to the needs of crops. The yearly precipitation is usually 
between 30 and 40 inches, and of this a sufficiently large part falls in the 
growing season to keep the soil in good condition for crops. 
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PHYSIOGRArHY. 

Topography, — A glance at the map of the surface features of Alcona 
county (Plate I) will serve to show that the northern and western parts 
of the county are largely occupied by hills or belts of rolling land, while 
the southeastern portion, mainly in the Pine river drainage basin, is a 
comparatively level district. An examination of the list of altitudes 
giA'en below will bring out the heights which are found in various parts 
of the county. The datum to which points in this region are commonly 
referred is the surface of Lake Huron, whose mean elevation is nearly 
580 feet above sea level. Referring to the altitudes, it will be seen that 
the highest point crossed within the county is, by barometric measure- 
ment, 1,260 feet above the sea, or 680 feet above Lake Huron. Possibly 
other i)oints in the western part of the county rise a few feet higher, but 
it is doubtful if any exceed 1,300 feet. There is within the county an 
area of perhaps 40 square miles that stands above 1,000 feet, mainly in 
the western part. A large area, comprising probably three-fourths of 
the county, stands between 700 and 900 feet above the sea. There is but 
little low land along the edge of Lake Huron, for along much of the 
shore a rise of 100 to 175 feet is made in passing back a mile or less. On 
the north border, however, the low land extends three miles and on the 
south border fully fire miles back from the lake. In general the highest 
land or backbone of the countv constitutes the divide between the north 
flowing and south flowing streams, if we disregard Black river, and 
trends in a southwest course from the south part of T. 28, R. 9 E., to 
Lincoln and thence westward to the countv limits. The hills in the 
south part of T. 28, R. 9 p]., and those along the border of T. 27, Rs. 8 and 
9 E., reach an altitude 300 to 325 feet above Lake Huron. Points in the 
east part of T. 27, R. 7 E., reach an altitude 400 to 425 feet above the lake, 
but with this exception the altitude in Rs. 7, 8 and 9 E. is less than 
400 feet above lake level With the exception of A^alleys and narrow 
strips of low plain bordering them, the western part of the county 'for 
a distance of eight to twelve miles from the west border rises more than 
400 feet above the lake. This elevated part is shaded heavily on the 
map (Plate .1) and the strength of shading is graduated to the 
prominence of the hills. In the Pine river drainage basin there is a 
gradual rise from the lake shore to the headwaters of the various 
tributaries. 

The relief of the ridges and hills above the valleys and basins which 
thev border or inclose seldom exceeds 300 feet and is usuallv 100 feet or 
less. Hubbard lake, which stands about 680 feet, is bordered by hills 
whose altitude ranges from 750 feet or less up to about 950 feet above the 
sea. The majority of the lakes stand much higher than Hubbard lake. 
Several near Vaughn are about 950 feet. Mud lake and others near it 
875 to 900 feet and those near Lincoln about 770 feet. The hills near 
Vaughn lake and its neighbors reach about 1,100 feet, those near Mud 
lake 950 feet, and those around Lincoln 875 feet above the sea. A 
group of hills in Sec. 28, T. 27, R. 6 E., rises 200 feet above border dis- 
tricts, and Comstock hill in Sec. 25 of the same township is nearly as 
prominent. There are also some hills about 200 feet high in the south- 
west corner of the county, and the massive morainic tract forming the 
6 
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division between the Au Sable and Thunder bay drainage in TpB. 25 and 
26 N., Ks. 5 and E., has many hills and ridges which rise abruptly 100 
to 200 feet above the bordering basins and sage. A very prominent mass 
of UlllB in the northwest part of the northwest township rises fully 300 
feet above the valleys on the east and south. 

Some of the hills and ridges in the northern and western part of the 
county are too steep to be easily tilled, but on the whole the slopes are 
BO gradual as to be no hindrance to the cultivation of tiie land. In 
nearly every township there are plane tracts of considerable extent, as 
indicated in Plate 1, while several townships in the southeast part of 
the county are nearly plane. 

Table of Altitndcs. — The following table of altitudes includes not only 
the points along the railroad lines which are determined by spirit level, 
but also a considerable number of barometric determinations. The lat- 
ter are liable in some cases to contain serious errors, for there were 
some taken in (he western and northern parts of the county which were 
carried through au entire day's drive, with no opportnnity to cheek 
results. It so happened, hoM'ever, that the weather conditions were 
somewhat steady at that time, so that the errors may prove to be unim- 
portant. The barometric determinations in the eastern part of the 
county are probably not far from correct. 



AI.TITIDKS At.O\G Tni'I OI.I) LINE OF THK DETROIT AND MACKIXAC HAILROAD. 

Fn>t InlMTe llde IPVH) A. T. 

Black River Sladon BRo 

Summit 1800 fwt nortbpost of Roe iMke Smtlon K2 

Rot Uke Htatinn 810 

SummLI l«n feet soulh at Koe IMte Stntlon 818 

Henrv Station 793 

Summit 2400 feet north ot llawpB Station S»7 

Hawen Station 79" 

Summit TOO teet imiitli of Haw?* fliRtlon 197 

Summit law feet north of Lincoln Station 798 

Lincoln Station 779 

Summit tfm feet aouth ot Lincoln Stntlon 790 

tinatin Station 69S 

Mikado Station «U 

Top nf urailr WOO feet north of llanilv Station MO 

llandr Station ffi4 

Counij- Hue Alcma and Iosco roiintlea 631 

Harrlavllle Junrtlon (In Iwii-o conntyl 616 

XKW LINE OF DETROrr AND MACKIXAC IIAIUtOAD. 

Harrlsvllle Junction (In Iobco countyl SIS 

tJreenhuah Station 64" 

Summit atmut 1.8 milea north nf tireenbimh 648 

IlarrlBVlUe at Main street 62j 

IlarrlKVllle Station 822 

Sturtceon I'olnt S14.S 

Alcona 602,6 

Stony rlllpre 1.6 mlleK north of Alcona 621 

Black RiTer Station 595 

llAROMKTRIC lH-m:IIMINATIONS. 

Bamfleld Station on Au SaMe nnil North veatern Kallrcind !170* or aSO 

Au Sable river at bridge, near Bamlleld SIS* or 810 

Vaufcbn Station. Au Sable and Northweatern Railroad 1023* or 1005 

Hill at cemetery north of Vaugbn lake 1100 

Lott Poslofflce 900 

Brjant Station. Au Sahle and XnrthweBtem Railroad !«;• or 835 

Knoll cut by old railroad gcade In aectlon T. T. K. R. 7 K 880 

Swamp noulh of knoll In sectliin 7. T. ITi. n. T R 830 

Sand and gravel plain In aectlon 3, T. 25, n. 7 E KO 

• AyerageB of two or three baromctrk' determlnallona by A. C. Lane, 
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Feet A. T. 

Cross roads In northwest comer of T. 25, R. 7 E., near Tubbs' lake 850 

Pine river at forks west of Mikado (bluff 640 feet) 620 

A. D. McDonald's residence section 9, T. 25, R. 9 E 675 

Summit on State road near corners of Tps. 26 and 27, Rs. 5 and 6 E 1260 

Road Intersection In N. W. part of T. 26. R. 6 B 1070 

Plain In Sees. 1, 2 and 3. T. 26. R. 6 E 900-925 

Rldffe one mile west of Mnd lake near postofflce 940 

Mnd lake, water level 860 

Sand plain near center of T. 26, R. 7 E 800 

AVest branch of Pine river. See. 25. T. 26, R. 7 E., below dam 675 

Township line east of dam 730 

Klllmaster postofflce 695* 

Stream at Klllmaster below dam 680* 

Klllmaster boring No. 1 702* 

Klllmaster boring No. 2 710 

Klllmaster boring Xo. 3, near postofflce 692* 

Cross roads one-half mile west of Gustln 660 

Pine river on State road, west of Lincoln 725 

irpland west of Pine river, middle of line of Sees. 4 and 33 825 

TJpland near corners of Sees. 4 and 5, T. 26. and Sees 32 and 33, T. 27, R. 8 E 875 

Valley at Robinson's farm on State road west of Lincoln 810 

T'pland In east part of Lincoln 810 

Summit In road in Sec. 6, T. 26. R, 9, E 840 

County Infirmary 706 

Mrs. Chapel's residence, one mile south of Infirmary 750 

Napoleon Sherbeneau's residence, one mile north of Infirmary 750 

Knoll neaf center of Sec. 19, Ilarrisvllie Tp. / 710 

West line of Sec. 19, at road Intersection 696 

Middle of line of Sees. 19 and 20, Ilarrisvllie Tp 680 

Stream near center of Sec. 20, Ilarrisvllie Tp 660 

Plain at line of Sees. 20 and 21. Ilarrisvllie Tp. . 675 

Low knoll near center of Sec. 21, Harrlsville Tp 700 

IMain at line of Sees. 21 and 22, near Jog in road 680 

Summit in Sec. 22. Ilarrisvllie Tp.. on E-W. road 700 

Northwest corner of Sec. 34, Ilarrisvllie Tp 700 

Ridge 2 to 3 miles north of Greenbush 730-755 

A. Atherton's residence. Sec. 26. T. 27, R. 5 E 1010 

Corner of Sees. 13, 14, 23. and 24, T. 27, R. 5 E 920 

Wolf creek, near comer of Sees. 1, 2, 11 and 12. T. 27, R. 5 E 815 

IMaln In Sec. 2. between Wolf and Silver creeks 840 

Dorr's camp In Sec. 34, T. 28, R. 5 E 900 

McGinn creek, near corners of Sees. 21, 22. 27 and 28. T. 2 S.. R. 5 Vl 870 

Sandy plain north of McCMnn creek in Sees. 21 and 22, T. 28, R. 5 E 920 

Hill near line of Sees. 8 and 9, T. 28, R. 5 E 1200 

Hill in Sec. 28, T. 27, R. 6 E 11^ 

Nearly plain tracts In Sec. 33, T. 27. R. 6 E 950-966 

Range of hills in Sees. 14, 23 and 26, T. 27. R. 7 E 9751000 

Hill on Sec. 24, T. 27, R. 7 E 1000 

Lowland between hills In Sees. 23 and 24, T. 27, R. 7 E 875 

Sheep ranch In Sees. 30 and 31, T. 27, R. 8 E 875-925 

Hubbard lake 680 

Upland southeast of Hubbard lake In Sec. 7, T. 27, R. 8 E 850 

Sucker creek at line of Sees. 5 and 8, T. 27, R. 8 E 700 

Upland on line of Sees. 4 and 9. T. 27, R. 8 E 820 

Sucker creek on line of Sees. 2 and 11, T. 27, R. 8 E 740 

Upland In road one-eighth mile west of Henry Station 840 

Inland at township line east of Henr>' Station 840 

■nil m r^ecs. itS anci •**, i. ^i, ». o 1*4 •••••..•..•. ••«... ••.•.•...•••••.......•••• vm) 

4*ro8s roads at middle of line of Ilawes and Ilaynes townships 800 

Hill one mile north-northeast of Lincoln 850 

Points near line of Sees. 5 and 6. T. 27. R. 9 E 915 

Summit in road on line of Sees. 5 and 8, T. 27. R. 9 E 900 

C. W. (voodsell's residence, east side Sec. 8, T. 27. R. 9 E 800 

Black river. In Sec. 3, near Frank Elmer's residence 675 

Frank Elmer's residence in Sec. 3. T. 27. R. 9 E 752* or 735 

Summit in road on line of Sees. 17 and 20. T. 28. R. 9 E 800 

High points near center of Sec. 17. T. 28, R. 9 E 825 

Stream near corners of Sees. 17, 18, 19 and 20, T. 28, R. 9 E 735 

Till plain In Sees. 18 and 19, where road leads south 760 

Middle of range line between Rs. 8 and 9 E. T. 28 N 775 

Stream^on range line one mile north of last named point 690 

Summit on line of Sees. 1 and 12, T. 28 R. 8 E 840 

Alexander McDonald's residence In Sec. 2. T. 28, R. 8 E 860 

Summit near middle of line of Sees. 2 and 11, T. 28, R. 8 E 880 

Spruce postofflce. corner of Sees. 3. 4, 9 and 10, T. 28, R. 8 E 750 

Cross roads one mile south of Spruce 770 
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BAROMETER DETERMIN- 

Feet A. T- 

Flat Rock StHtlon SSft* 

Au Sable, near Vlat Rock 830 

Gravel table Innds near Bamfleld 970 

RiTer, near Bamfleld 812" 

Terrace, near Bamfleld 840 

Samflelil Station 870 

Faint river terrace back of Uamfleld Station 900 

Btrant, sand plains around 8K* 

BattoQ. edge of clay got) 

Vaughn 102J* 

Chevriera 990* 

Drainage. — The drainage of Alcona coiint.v is jiearl.v equally divtdud 
between the Thunder Bay river and Au Sable river systems, the north 
half being drained northward to Thunder Bay river and tlie south half 
southward and eastward to the An Sable river. There is a narrow strip 
on the border of Lalce Huron drained by Black river and other small 
direct tribntaries of the lake. 

The An Sable river crosses the southwest comer of the county, but 
receives no important tributaries in that part of its course. Pine river, 
with its numerous tributaries, dniins about six townships in the south- 
eastern part of Alcona county, and enters the Au Sable in Iosco county. 
Its main forks are known as South Branch, West Braneli and East 
Branch. Other important tributaries are McGiilis creek. Backus creek and 
Van Etten creek. The South Branch, West Branch and McGiilis creek 
all find their sources in the high belt of hills in range 6 in the western 
part of the county, and have a general eastward course across a plain in 
range 7 to the middle of range 8, Here, after receiving Backus creek 
and East Branch, the course is southward into Iosco county. Backus 
creek heads in Mud lake near the center of the county and flows south- 
eastward across a plain in T. 20, Rs. 7 and S E., to join the West Branch in 
Sec. 33 of the latter township. East Branch, with its several head- 
water tributaries, drains the south part of T. 27 and the east part of 
T. 26, R. 8 E., and unites with the West Branch in Sec. 3, T. 25, B. 8 E. 
Van Etten creek drains the southwest part of T. 2«, R. !l E. and tli(> 
adjoining parts of T. 25, Rs. 8 and 'J E., and enters Pine river in T. 25, 
R. 8 E.' 

The principal tributaries of Thunder Bay river in Alcona county are 
Hubbard lake with its main affluents. Sucker creek and Hubbard ci-eek. 
which drain much of T. 27, Rs. 6, 7 and H E.. and T. 28. Rs. 7 and 8 E., and 
Wolf creek and its tributaries. McGinn, Silver and Wild Cat creeks, 
which drain much of T. 27, Rs. 5 and 6 E.. and T. 28, Rs. 5 and G E. 

Black river has two forks, known as the North and South branches. 
The South or main branch drains much of T. 27, R. 9 E., and adjoining 
parts of Tps. 26 and 28, K. !) E. The North Branch drains the northeast 
part of the county in T, 28, Rs. 8 and 1) E., and a small adjoining district 
in Alpena county. 

There are a few small direct tributaries of Lake Huron south of the 

• Ayerage ot at least two, one or more corrected by comparison with ael (recording aneroid 

• This tributary of Pine River baa received the same name which la applied b; the real- 
deniB to the main alream after It entem limco county, there belns In that county an eipanalon 
of Pine river called Van Etten lake, which hai. led to the eiiennton ot the name Van Ellen 
to part of the Rirenm below Van Etten take. Thin »eeniH an iinnrcenga r^ element of confusion 
which might be eaiiDy remedied by cenalng lo call the lower cuui'se of I'lne river Van Etten 
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Black river drainage basin, the most important of which is Cedar lake 
outlet, which discharges at Greenbiish, and a small stream that enters 
the lake through the village of Harrisville. 

The streams are in places bordered extensively by swamps. This is 
conspicuously the case in those tributary to Hubbard lake, and is a 
common feature on several other streams. Extensive swamps also occur 
in the northeast and southeast parts of the county in the low plain, 
which has been at some time beneath lake level. 

A large part of the swamp land, when cleared of logs and brush and 
properly ditched, may be drained sufficiently to become good farming 
land. This has already been done in a part of the Pine river drainage 
basin. 

Lakes, — The lakes of this county are inadequately represented on any 
maps which ha^ve yet been made, and a special survey is needed to 
determine their position and extent. The plats of the government land 
survey show only those which were crossed by section and quarter lines, 
and but a few of these were meandered and accurately platted. The lakes 
which do not appear on the government plats are necessarily small, for 
each must fall within the quarter-line limit, but they form an important 
factor in determining the value of the grazing lands which border them 
and are so numerous as to supply the needs of much of the grazing 
district in the western and northern parts of the county. They usually 
constitute the head of streams, but a few are expansions of streams and 
a few have no outlet. 

For attractive scenery, Hubbard is scarcely surpassed by any of the 
large inland lakes of the State. The body of water, seven miles in length 
and nearly two miles in average width, is bordered on all sides by ranges 
of hills with diversified outline and altitude, which at present are the 
haunts of deer and other wild game, but which may become valuable 
grazing lands. The body of water itself and its gravelly beaches will 
no doubt in time become one of Michigan's popular summer resorts. 
Already the building of an electric road to it from Alpena is being agi- 
tated, and the Thunder bay lowland, which extends back nearly to this 
lake, affords an easy line of access for such a road. For the variety and 
quality of its fish the lake already has a high reputation. 

Other attractive lakes are those around Lincoln and the chain near 
Vaughn (Glennie postoffice), all of which are bordered by undulating 
uplands and gravelly or sandy beaches. But nearly every lake possesses 
attractive features and contributes to the pleasure both of resident and 
traveler. 

THK GLACIAL DEPOSITS. 

General Statement, — It is a well established fact that a moving ice 
sheet, such as now covers Greenland and gravitates from the interior 
toward the border of that great island, has in a comparatively recent 
geologic period covered eastern Canada and pushed southward across 
Michigan and adjacent states to the vicinity of the Ohio river. In the 
basal portion of the ice sheet there was a large amount of earth and 
stones which it had gathered along its path. The ice appears to have 
become overburdened with this load and to have dropped much of it as 
it advanced, building up a bed beneath it known as the ground moraine. 
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The remainder it carried to tiie end of its course, and theie heaped it 
up as a terminal moraine, similar in manv respects to the moraines now 
forming on the bordera of the Greenland ice sheet, or the glaciers of 
Alaska, or of the Alps. When the ice melted off from the country there 
was not a continuous and steady shrinking of the ice field, but places 
where the margin remained nearly stationary for a period sufBciently 
long to enable the ice to bring large amounts of material and heap up 
other terminal moraines inside the limits of those already formed. In 
this way several moraines were formed before the ice had melted off 
from Michigan. 

The glacial history is not so simple as to be comprehended in a single 
great invasion and disappearance of the ice sheet with the halts made 
in its waning stage. Studies in the interior of the Mississippi basin in 
Wisconsin, Iowa, Illinois and Indiana have brought Jo light several 
distinct sheets of drift, each marking a great ice invasion, which differ 
much more widely in age than the successive moraines jnst mentioned. 
These sheets are not exposed to view in Michigan because the latest ice 
invasion extended over the entire State and left so heavy a deposit of 
drift as to effectually conceal any earlier drift sheets which may be 
present. It is, therefore, only in deep excavations and perhaps in a few 
valleys that the earlier sheets would be reached. Yet commingled with 
the drift of the last invasion there are copper nuggets and possibly other 
materials from the northwest, which must have been brought here by 
an earlier and independent invasion. As yet no separation of drift sheets 
has been made within the limits of Alcona county, and the earlier glacial 
history receives, therefore, only this passing notice. 

The sinuous or looped course of many of the moraines sei-ves to show 
that the movement of the ice sheet was greatly infloenced by inequalities 
in the surface of the country over which it paaeed, there being more free 
and rapid movement through low districts, such as the basins occupied 
by the Great Lakes, than over the bordering higher land. This resulted 
in the production of ice lobes that have received names from the basins 
in which they deployed, as Lake Michigan lobe, Saginaw bay lobe, 
Huron-Erie lobe, etc. i'robahly the lobes were coalesced to a great 
extent when the ice was at its maximum, but they became very promi- 
nent in the waning stage and were presumably bo also in the advancing 
stage or earlier part of the life of the ice sheet. Because of this lobation 
the moraines which were produced in the waning stage are looped 
around the basins and form sharp i-e-entrants between them. At these 
re-entrants a morainic belt is often projected some distance back from 
the point of junction, forming an interlobate moraine. This feature is 
well illustrated in northern Alcona county, as indicated below. 

ifoiaines and Ice Borders in Alcona County. — Alcona county stands on 
the north side of the Saginaw bay ice lobe, for that lobe not only filled 
Saginaw bay but extended over a wide area on the north, west and south. 
Several moraines which are distinct ridges at the southwest end of the 
lobe become merged on its northwest side into a single great morainic 
system, which bears northeastward from Clare county across the south- 
east part of Roscommon, the central part of Ogemaw, and southeast 
part of Oscoda into Alcona county. The ice movement was probably 
about at right angles to the trend of this morainic system, or northwest- 
ward from the central line or axis of Saginaw bay. 
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Upon crossing the Au Sable river in southwestern Alcona county, this 
morainic system makes a sharp turn to the northwest and constitutes 
the divide between the Au Sable and Thunder Bay river drainage in 
Oscoda and Montmorency counties, thus passing beyond the limits of th«^ 
Saginaw bay lobe. But from this sharp turn an interlobate moraine, or 
perhaps it may more properly be termed a morainic spur, extends east- 
ward across the north half of Alcona and the south edge of Alpena 
county almost to the shore of Lake Huron. The ice appears to have 
been present on both sides of this spur while it was forming. That on 
the south was the Saginaw bay lobe, while that on the north may for 
the present be termed the Thunder bay lobe. Probably this spur was 
extended eastward with the withdrawal of the ice from the great 
morainic system toward the Lake Huron basin, and the greater part of 
it may have been formed during this withdrawal. 

Between this great morainic system and the shore of Lake Huron 
there is, aside from the complicated spur just mentioned, but one well- 
defined moraine in Alcona county. This has been called by F. B. Taylor 
the Alcona moraine.^ In the northern part of the county it is wrapped 
around the end of the morainic spur, but upon crossing Black river near 
the line af Alcona and Haynes townships a short distance west of Alcona 
postoffice, it becomes a separate or distinct ridge and leads southward 
across Haynes and Harrisville townships, with its eastern or inner 
border less than a mile from the shore of Lake Huron. Upon entering 
Greenbush township (T. 25, R. 9 E.) it bears away from the lake shore 
across Sees. 3, 9 and 17. It is ill-defined from Sec. 17, R. 9, to Sec. 26, 
R. 8, a distance of 2.5 miles, but has considerable strength in Sees. 26 
and 35, R. 8, and enters Iosco county from the latter section. The 
moraine ranges in width from one-fourth of a mile up to nearly two 
miles, and rises from 25 to fully 100 feet above border tracts. 

There are features In southern Alcona county west of the Alcona moraine that suggest an 
earlier Ice border. Near the western edge of T. 25, R. 8 W. a sand plain sets In which rises 
about 100 feet above the country east of It with a rather steep ascent. The lower country to 
the east presents the ordinary topography of a ground moraine, and has drift of variable con- 
stitution such as would be expected In deposits made under the Ice. The high sand plain Is 
similar to the outwash deposits made by streams Issuing from the lee. The only feature 
needed to make It certain of being an Ice border Is a terminal moraine, but this feature Is 
wanting or at least Is very obscure. It Is, however, not uncommon In Michigan to find 
places where the outwash deposits stand somewhat higher than the moraine and It often 
happens that In passing from them through the moraine to the inner border district a great 
descent is made. This Is conspicuously the case with the strong morainic system above out- 
lined through much of its course from Clare to Alcona county. It is also not rare to find the 
terminal moraine becoming very weak while the outwash deposits continue prominent. In view 
of these conditions It may not be remarkable to find places such as this in southern Alcona 
county where the ice failed to build up a deposit beneath its edge that would resemble a 
moraine or approach In bulk that made by the waters in the outer border district. This 
bluff-like border Is more conspicuous near the county line than farther north and becomes a 
gradual and Inconspicuous slope at the north border of the sand plain In Sec. 2, T. 25, R. 7 B. 
As yet nothing has been noted by which the Ice border can be traced farther north. It seems 
probable, however, that the ice held this position at a time not long previous to that in which 
it was forming the Alcona moraine. The continuation of the Ice border in that case is likely 
to have been northeastward across Gustln township (T. 26, R. 8 E.) toward the east end of 
the great interlobate morainic tract of the north half of the county. 

The outer border drainage. — The streams which Issued from the Ice margin during the 
development of the great morainic system above mentioned, found at first a southwestward 
discharge to the Muskegon river through the sand plains and swamps of Oscoda, Crawford, 
Ogemaw and Roscommon counties. But when the ice had shrunk to the inner border of that 
morainic system lines of discharge were opened along or near that border and the waters 
reached a lake known as Lake Saginaw In the western end of the low country bordering 
Saginaw Bay, instead of discharging through the Muskegon to the Lake Michigan basin. 
This lake, however, had a westward discharge through the Grand river valley into the Lake Mlch- 

* Moraines of Recession : Journal of Geology, Vol. V, 1897, pp. 421-465, especially p. 459. 
Great ice dams of Lakes Maumee, Whittlesey and Warren : American Geologist Vol. XXIV, 
1899, pp. 6^, especially p. 20. 
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I on past CbicHKo to the IllinaJs and MlHslnstppI rlTera. One of these 
lines oi BoutnwBBiwnra diBctwrge bud lla head on the flat topped gravel tablelands near Bam- 
fleld and aCter folloniug the Au Sable souibward about to Che line of Alcona and loaco 
conntlea It took a sombweBtward eourse to Luptoo Id Oaeniaw county through a land plain 
and Bwamp now drained northeastward bj the Little Au sable. From Luptoa it passed aouth- 
ward through a aaad plain which bordera Klfle river to aoutbern Ogemaw couuly and there, 
near tireenwood Station, entered Lnlie Saginaw. 

Aa tlie ke melted the lines ot dlachargi; were shifted to the eaal. Lalie Saginaw (or per- 
haps Its succesBur. LaLe Warren, see discussion of I.ake lUstary below) also became eipaaded 

coamles farther south and west. Ks llmlis being marked liy beaches that are as a rule well 
deflned and easy lo trace. The lake ■nar have extended into Alcona couatf at the level of the 
sand plain In T. 25, Ks. T and £ E but no stiore lines were noted north of there above the 
Algonquin beach. It therefore seems probable that the Jake occupancy wai very brief If It 
eitended to that region at all. 

The great sand plain which, aa above noted, covers much of T. ^, R. 7 F,. in Alcona county. 
also covers several townships In Iosco county. It spreads out like a great delta on each aide 
of the Au Sable river from near the point where that stream enters Iosco county, and covers 
all ot T, 2t. Kb. 6 and 7 K. and part of K. 8 !■:. alio much ot T. 23, Ks. G and 7 E. and eitends 
slightly Into bordering townships on the soutli and east. At the east, as noted above. It ter- 
mlnales abnipily as It prevented by the Ice sheet from spreading farlhe- ■"•--- — ■- 
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t the Au Sable standing about 40 feet lower than the 
t Id tbe abrupt border above noted as It the stream 
tviiH Biiii iireveuieu uy \ue ice inim carrying material farther. This abrupB border at 
the point where the An Sabie and Korthwestern Railroad atrlkes It ii kuown aa Seven 
Mile Hill and at that point It Ib the terrace and not tbe sand plain which la entered, tbe 
border ot the sand plain being entered by the railroad west of BlBonette. It la Ihongbl that 
this terrace may also stand at a level of Lake Saginaw (or Lake Warren) but one that Is 
correspondingly lower than the one correlated with tbe sand plain. The full connections have 

Tbe glacial drainage connected with tbe moralnic apur that covers the north balf of Alcona 
county Is very obscure. The low pialos and swamps which occur among the hills and ridges 
or border tbe streams have not sofllcient altitude to have given to streams that may have 
occupied them a southward or southwestward disebarge into Lake Saginaw, and It Is 
extremely doubtful It many of Ihem represent lines of glacial drainage. A swamp leading 
south from tbe head ot Sucker creek through Sees. 21, 2S and 33 T. 27, R. 8 E. lo the heaif 
waters of one of the tributaries of Pine river has the appearance of being a line of glacial 
drainage, though a weak one. for the valley It occupies Is In places only one-eighth mile In 
width. It Is thought that the large amount of sand and gravel In tbe bills and ridges of this 
mornlnic tract Is an Indication that tbe waters had coiislderable movement within the Ice 
sheet and may bsve found discharge to a great degree without reaching the ground moraine 
under the ice. This being the case the valleys and low areas in this moralnic spur may only 
represent places where tbe drift was too scanty to bnild up the surface tbera to a higher 
level, and may not be due to erosion either by glacial or postglacial streams. 

Thickness of the Drift. — That the glacial deposifB of Alcona county 
are of great depth is inferred from the fact that no outcrops of rock are 
found within the county even in the deepest valleys, and fi-om the fact 
that rock has been reached only by very deep borings,' The valley of 
the Au Sable river, though about 400 feet below neighboring hills, car- 
ries no rock exposures within the limits of this county. Borings at Kill- 
master reached a level 150 feet below the level of Lake Hnron befoi-e 
entering rock. There are wells SO to 100 feet or more scattered over 
the older-settled parts of the county, and these ail terminate in the drift. 
However, it is scarcely to be expected that the rock surface is as low 
throughout the county as at ICillmaster, for in neighboring counties 
both on the north and south it stands in places 50 to 100 feet or more 
higher than the surface of Lake Huron. It seems to be below lake level 
in much of the shale areas on the border of the lake, but it ia usually 
above lake level in the sandstone and limestone areas. If, then, as 
seems probable, the Berea Urit or other hard rock underlies a part of 
Alcona county, it is to be expected that the rock surface there will rise 

'There In a bare posslhllitv that rock was struck at SO feet In Sec, 3. T, 27, R, 9 E,,'and at 
36 feet at Black river, as Indicated In the discussion of wells. 
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toward lake level, but judging from the outcrops in the neighboring 
counties there is little likelihood that it will reach an altitude much 
greater than 700 feet above tide. This leaves room for nearly 600 fept 
of drift in the highest ridges of the western part of the county, and the 
depth there may be considerably greater. But little more can be said 
at present concerning the thickness of the drift, as the data are too 
meager either to indicate the range in depth or the average thickness. 

Structure of the Drift. — The structure of the glacial deposits as here 
discussed involves not only the kind of rock or constitution, but also the 
mode of arrangement of the materials. The kind of rocks present in 
the drift of a given locality is a rude index as to the path over which 
the ice sheet moved, for fragments of rock from nearly every rock 
formation passed over are to be found in the material thrown down 
where the ice melted. The mode of arrangement of the materials is an 
index of the conditions under which the deposition took place. In some 
cases the dirt and stones from the melting ice were deposited in a cur- 
rent of water that was issuing from the ice margin ; in other cases they 
were dropped in pools of quiet water, while in still others they fell 
directly on the ground. There seems, also, to have been considerable 
water action within the ice, by which the materials which it contained 
were more or less assorted before they left the ice. The conditions in a 
given part of the ice margin are liable also to have changed from time to 
time and produced corresponding changes in the structure. Indeed, 
such changes seem to have been very general, for one seldom finds a 
uniform deposit from top to bottom of a drift bank of much height. 

In the deposits of Alcona county it is found that the rocks of sufficient 
size to be easily examined are composed very largely of Canadian crystal- 
lines, such as granites, quartzites and greenstones, together with a few 
red jasper conglomerates and other rocks of limited outcrop in Canada, 
and an occasional piece of native copper. The surface bowlders, espe- 
cially, are of Canadian rocks, but these rocks also abound at all depths 
in the drift. It was noted throughout the county that the proportion of 
Canadian rocks is much greater than in the drift of the central and 
southern parts of Michigan. With these Canadian rocks there is a 
liberal supply of Devonian limestones from the Hamilton formation 
that outcrops along the west shore of Lake Huron from Alpena north- 
ward, and that probably forms the bed of the lake for some distance 
southeast from Alpena. There are also numerous fragments of Devon- 
ian shale. Sandstones are rather rare, especially in the northern part 
of the county, as is to be expected from the very limited occurrence of 
sandstone* ledges to the northeast of this county. There appear to be 
two or more sandstones represented, but to what horizon or horizons 
they belong is not yet known. In the southwestern part of the county 
a few blocks of the Eo-carboniferous gypsum rock were recognized by 
W. M. Gregory, who is familiar with the outcrops of this rock formation 
in Iosco and Arenac counties. On a hill north of Vaughn lake, Gregory 
has found specimens both of Devonian limestone and of Eo-carbon- 
iferous gypsum rock. The former, together with the Canadian rocks 
which also abound in the same hill, indicate a southwestward move- 
ment of the ice, while the latter indicates a northwestward movement. 
The copper indicates a movement east of south. The northwestward 
7 
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movement is in hiirtnony witli tlie moraines, as above noted, and wan 
evidentiv tlie latest one. The movement whieli transported material 
sou til westward probably look place while the ice sheet was very thick, 
and its movement wa8 not eonti-olled by the lake basins to such a degree 
iis in its waning staRe. The southeastwHrd movement which brought 
in the copper may have been a still earlier one, and may also have traiis- 
|iorted the fraguients of i-ed »indstone that are pi*esent in this county and 
apl»ear to be from the I^ke Kuiierior I'otsdam. 

The deposits of Alcona county range from well assorted, definitely 
bedded sand and gravel, through partially assorted and imperfectly 
bedded or partially commingled drift to a completely commingled 
deposit of materials of all sizes without aHSortiuent or bedding. The 
elevated parts of the county are as a rule composed of loose-textured 
material, but this material presents various degrees of assortment and 
bedding. In the low tracts thei-e is a large amount of close-textured 
clayey material, but there are also strips of welJ-assorted sand and 
gravel ti'aversing the low tracts. Hand and gravel are also found at 
moderate depths under much of the day in the southeastern part of the 
county. The cause for the wide prevalent of assorted iiiatei;ial there i« 
not understood, though it seems probable that it was either an outwash 
from the ice, whieh was overridden by a fresh ice advance or the bed of 
an interglacial lake. 

As indieated above, the loose texture and partial stratification and 
assortment of the material in the niorainic tracts are thought to he 
largely due to the action of water within the ice, for had it occurred 
outside the ice the material could hardly have had its present irregu- 
larities of surface. Instead of a moraine there should be a plain of 
gravel and sand such as that in T. 25, B. 7 E., if the water action had 
been outside the ice. Thei-e are a few small tra<ts within the elevated 
morainie area where but little water action seems to have taken place, 
and in these places tlieie is a somewhat clayey drift. The most extensive 
one is west of Curran in the south half of T. 27. R. 5 E., but there is 
nearly as much clayey drift in the elevated northwest half of T, 25, R. )> 
E. Among the smaller tracts is oue of three or four square miles in the 
west edge of T. 25, H. 5 E.; another of about the same area in the south- 
west part of T. 28, B. 5 E., and a third in Sees. 3, 4, !» and 1(», T. 27. B. ti E. 
There is also a large amount of close-textured drift in T. 28, R. 8 E,, and 
the northwest part of T. 28, R. ft E., on ground less elevated than that 
of the tracts just mentioned. 

The details concerning the surfa<-e portion of the drift are given below 
in the discussion of the soils and the wells. Very little is known con- 
cerning the lower portion of the drift. In the borings at Killmaster, 
which are the imiy ones which are certain to have reached the bottom 
of the drift, no notes were kept concerning the character of the deposits 
overlying the rock. 
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THE LAKE HISTORY.' 

Pro4lcces8ors of Lake Algonquin. — As soon as the ice sheet in the Huron- 
Erie basin had melted back from the rim of higher land which consti- 
tutes the continental divide, the waters from the melting ice became 
ponded between the ice margin and that divide and found discharge 
across the lowest point on the divide. This point was at Fort Wayne, 
Indiana, and the line of discharge is known as the Fort Wayne outlet, 
while the lake, from its occupancy of the Maumtn? basin, is known as 
Lake Maumee. Similarly the melting back of the fc?aginaw ice lobe 
resulted in a lake in the plain west of Saginaw bay, which is known as 
Lake Saginaw. This discharged westward past Pewamo, Michigan, into 
Grand river, and this outlet is known as the Pewamo channel or Grand 
river outlet. Lake Saginaw, however, did not begin its history so early 
as Lake Maumee. 

After a time sufficiently long for a well-defined beach to be formed on 
the shore of Lake Maumee, the ice in the Huron-Erie basin became 
melted back far enough for the waters of that lake to extend to Imlay, 
Michigan, where there is another place on the divide which was as low 
as the head of the Fort Wayne outlet. A double line of discharge then 
followed, and the level of Lake Maumee was lowered a few feet. It 
remained at the lower level long enough to form a second beach. 

By a further recession of the ice, the waters of Lake Maumee reached 

' The following references will enable the reader to consult the papers and reports 
which treat of the lake history here so briefly outlined. Papers which treat only or the 
beaches of the Superior, Michigan and Ontario basins are not here listed, because of the 
remoteness of application to this region. 

Dryer, C. R. — rie*:)logy of Allen County, Indiana : Sixteenth Ann. Kept. Geol. Survey Indiana, 
1888. pp. 105-114. 
The drift of the Wabash-Erie regions: Eighteenth Ann. Kept. Geol. Survey Indiana, 1893, 
pp. 82-90. 
FairchiUl. H. L. — Lake Warren shore lines in western New York : Journal of Geology, Univ. 
of Chicago. Vol. V, 1897. pp. 269-282. 
Glacial waters in the "Fingerlakes region" : Bulletin Geol. Society of America, Vol. X, 1899, 

pp. 20-68. 
Glacial lakes Newberry. Warren and Dana. In central New York : American Journal of 
Science. Fourth series. Vol. VII, 1899, pp. 249-263. 
Oilhert. G. K. — Surface (leology of the Maumee Valley : American Journal of Science, Third 
series. Vol. T. 1871, pp. 339 345 : Also Geology of Ohio, Vol. I, 1873, pp. 537-556. 
History of Niagara River: Sixth Rept. New York State Reservation at Niagara, 1890, pp. 

61-84. 
Niagara River: National Geographic Monographs. Vol. I, 1896, pp. 203-236. 
Modification of the Great flakes by earth movement : National Geographic Magazine, Vol. 
VIII, 1897, pp. 233-247. For fuller discussion see Eighteenth Ann. Rept. t'. S. Geol. 
Survey. l»art 2. 1898. pp. 601-647. 
Huhhard, Bcln. — Lake Ridges In Southeastern Michigan : Third Annual Report of State 

Geologist of Michigan, pp. lOU-111. I'ublished separately as H. R. No. 8, Detroit, 1840. 
Lane, .1. V. — (leologlcal report on Huron county, Michigan: Geological Survey of Michigan, 

Vol. VII, 1900, Part II, pp. 62-85. 
Leverett. Frank. — Correlation of the moraines with the raised beaches of Lake Erie: Ameri- 
can Journal of Science. Third Series, Vol. XLIII. 1892, pp. 281-301. 
Correlation of New York moraines with raised beaches of Lake Erie : American Journal of 

Science, Third Series. Vol. L. 1S95. pp. 1-20. 
Correlation of moraines with beaches on the border of Lake Erie : American Geologist, Vol. 

XXI. 1898. pp. 195-199. 
Glacial F'ormations of the Erie ard Ohio Basins : Monographs of the U. S. Geological 
Survey, Vol. XLI. 1901. pp. 581-775. 
Mudffe, K. U. — Drainage Systems of the Carboniferous area of Michigan : American Geologist, 
Vol. XIV, 1894, pp. 301-308. 
Mouth of (fraud River: American Journal of Science, Fourth Series, Vol. VIII. 1899, 
pp. 31-34. 
Ncicbeny. J. 8. — Lake Ridges : Geology of Ohio, Vol. I. 1873. pp. 178-183 ; Vol. II. 1874. pp. 50-65. 
Read, M. C. — Lake Ridges and Terraces : Geology of Ohio. Vol. I. 1873. pp. 488-492. 516-519. 
Sherzer, W. H. — GeologI(*al report on Monroe county : Geol. Survey of Michigan, Vol. VII, 1900. 

pp. 132-144. 
Rpencer, J. W. — Ancient shores, bowlder pavements and high-level gravel deposits in the 
region of the Great Lakes: Bulletin (ieological Society of America, Vol. I. 1890, pp. 71-86. 
Deformation of the Ali^onquin beach and birth of Lake Huron : American Journal of Science, 

Third Series. Vol. XLI. 1891, pp. 12-21. 
Notes continued on page 5'2. 
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the vicinity of VMy, Mi(-hi|:aii. and there found a lower line of west- 
ward discharge than the Fort Wayne and Imlay outlets. The lake level 
was lowered about 30 feet, and the other outlets were abandoned. 
Because of this change in outlet the lake has been given a different 
name from its predecessor and is called Lake Whittlesey, in honor of 
Charles Whittlesey, one of the earliest students of these old beaches. 
By the time Lake Whittlesey began Its history. Lake Saginaw had come 
into existence, and Lake Whittlesey discharged into it. The TJbly outlet 
entered I^ke Saginaw near Cass City, and from there westward into 
Saginaw county there was only a narrow strip of water along the south 
edge of the ice sheet, which then had its southern limits at a moraine 
that follows the north side of Cass river. 

By a fairther recession of the ice on the "Thumb" of Michigan, a wide 
opening was made from I^ke Whittlesey to Lake Saginaw at a level aa 
tow as I>ake Sagiuaw, and the two lakes became united. Because of 
this lowering of level and union of the two lakes a new name, Lake 
Warren, has been applied in honor of G. K. Warren, a pioneer student 
of lake beaches. Lake Warren discharged through the Grand rivet 
outlet down to a time when the ice at the eastern end of the great basin 
occupied by Ijike.Erie and Lake Ontario had melted back far enough to 
permit the discharge of its waters eastward to the Mohawk river. The 
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lake tlicn censed to exist as a siii{;le iarge bodv. hut was sueoeeded liy 
three lakes: Lake Alguuquiu, whieb oucupied iiiiR-b of the area of f-akes 
SiiiK-Hor, Mifbiftau and Uurou, and tbe low l»m1 on tbeJi' borders; Lake 
Erie, in the Erie basin, and Lake Iroquois, in the Ontario basin. It is 
only with the first of these lakes that we are here concerni-'d. 

Luke A}(/oin}iiiii. — The name Lake AI;:oiii|iiin was applied by J. W. 
Spencer in 188.S to a body of water whieli o-nujiied the basins of Ibe 
opper Great Lakes and (tisehnrged tliron;;)! the Trent valley in Ontario 
into Ijike li^oquois in the Ontario basin,' 

The gti<ir? or lirarh ol this laki> wan flrst dlsinias>>d br Siienivr (a lti;>I. ottcntloD bring 
cn1]>-d rliicflr to llip part uf Iih ^hiirp gniitliFast »( Ijikp lliirun nnd (.Iciirglaii nny.= The 
prewnc" at thp heai-li on Ih* wmt shore ot I«kp Huron was Internal hut not ohHprvrd hi him. 
The irnelng of llie iiart iif rlilB brtoh In MIchiKan ban liecn don* hy V. B. Taylor, who In 1IS6 
carried hla sludlea from the StraltH of Ma<-klnnc Ki>iithward un the Hhorc of I.ake Huron frnd 
of Ijtkr MlMilRHn far enough to dclPrmlne the nlrnt at I.akp Aljtonquln In eaih cif these 
hnslux. He haa also ertended hla nludlfK sump dialanrp Into the Lake Siitierlor linaln. The 
ri-HiiliH of hiB work hare only hppn briefly outlined In n rommuulratlon In [he American 
(lw.li.Kl« In ISOO' and In hl« "Short lllalory of ilie (ireal Ijkca" In 181)7', Hp found 
Ihnt Ijike Altfoniinln had at llrat a aouthward dlacharice thrungh the St, I'lalr and Detroit 
rivers Into Ibe Krie baxln, fur It came Into action before ihe Ice had withdrawn from naluim 
Ijike at Ihi> hrad of the Ti'ent valler In Ontario, niien the Ice uncovered HalHam I.nke the 
dlHchante of Lake AlKonquIn Hhlfted lo the Trent valley. It la hla opinion that the head ot 
the Trent outlet was not much below the level ot the SI. Clair outlet at that lime su that 
Ihe ehauKe produced but a HliRht lowering of Ihe lake. He baa also found that Lake Algon- 
quin had Its discharge Hbirted back to Ihe SI. I'lair oiillet through an uplift of the r^lon 
occupied by the Trent ouilel. Its hialury has, therefore, been more complex than was antic- 
ipated hy Kpencer. 

Thei4e fnveatlnnilonH by Rpeucer, Taylor nnd olhers have nhown that the Algonquin bpnch on 
the border* ot I.,ake lluri>n and I^ke Michigan 1h Inclined upward In a north -northeast 
direction, but that In tile eastern half of ibe Kiipprlor bi^sln II la prncllcally horlzunlar. It 
was ot i-nume horliunial thn>ujiliour when formeil en-ejn pi'rhapa at Its northeast end on Ihe 
iniuiedlnie border of Ihe Ice sheet where Ice atlracilon mny bai-e held Ihe water a little higher 
than Ihe iieneral level of Ihe lake. The departure from horliontallly here In Michigan may, 
therefore, be'taken as a measure of Hip amount ot uplift that has occurred. The level of the 
Algonquin bpach at the soulh end of Ijike Huron na Interpreted by Taylor. Is about 2^ feet 
above the aurfaiT uf Ijike Humn. The rlw Is very gradual between there and Atcuna county 
for the beach at lireenbush Slallan on Ihp new line ot the Detroit and Mackinaw railroad |9 
about en tppt and at the court house at llarrlsvllle St feet above T.jike Huron las determined 
by hand level from railway track on Main street In llnrrisvlilel. Uut on Mackinac Island 
the beach Is 170 to 2<)o feet above l^he Huron. Taylor reiiorin that there Is n h<-ary well- 
developed beach at an atlllude about ITD reel which Is the lowest ot a series of fonr or Ave 
similar rldgea which rise by successive steps to an altitude ot about ^ feet above Lake 

According lo Spencer Ihe Algonquin tvenrh rises on Ihe east shore of Ijike Huron from 18 
feet below l.ake Huron at l-orl Huron lo Ui feet above the lake at Koiilhampton. ilnlarlo. 
which Is nearly opposite (JreenbUKh- In Alconn oniniy. This part of the east shore Is nearly 
■Ions the line ot uplift white the west shore deparM trom It 46 to W degrees or more. It Is, 
fheretore. not surprising thai the beach stands markeilly higher ai Southamplon than al 
6reenbUBh.° The rise fivim I'orl Huron to Southampton, allowing 11 to be ^o feet above 
Ijike Huron at fort Huron, is about one fool per mile, while trom Tort Huron to lireenbush 
It la about S.i Inches per mile. 

The Algonquin beaeh is a strong one in Aleona eonnty and lias been 
recognized by many of the i-esidents as an old lake shore. It has bt^-n 
cut back in places about onofonrtti of a mile into the alope of the Alcona 
moraine, and presents in such places a steep bluff, which may be -H) lo 
50 feet in height. The average height from Oreenbnsli northward to the 
north line of the county is mure than 2i) feet. Konth from Oreenbuah 
the lake did but little cutting. Instead it bnilt a series of low gravelly 
bars a to G feet high and 5ft to 100 yards or mort^ wide, wiiicli are 
separateil by narrow swamps or sloughs. These fill in iiiuch of the 
interval between the Alcona moraine and Cedar lake. 

In front of the old lake bluff bowlders are in places so numerous as 

' rroceedlngs American Association tor A 

' l>etormatlon of the Algonouln beach s 
Science. Vol. 41. 1801. pp. 11-21, 

■ rrellminary notes on studies of Ihe Great Tjikes made in ISO:i : .\mericnn Oeologlat 
Vol, II. 1896, pp. 2M-2r.". 

* Dryer'a "Kludles in Indiana <;eography," pp. lO^lO.V 

'The highest old shore line on Mackinac Island: American Journal ot Science, Vol. 43 
1892, p. SIO. 

•American Journal of Science. Vol. 41. jm\. p. 14. 
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to constitute a pavement. They aboand for a diataocc of onft-fonrth to 
oiie-lialf mile eust from the old sliot-e. They HJ'e probably in large part 
ii residue from the glacial deposits which the lake eroded as it wa« 
4'uttin(; back its shore, bat some may have been shoved up ttfward the 
Khore by rafts (if ice in the «pi-in)>. There are also de|)OBits of cobble 
and gravel along the base of llie lake bluflf at numei-ous iHtints, In the 
village of Harrisville the gi-avel stands in a doable crested ridge or bar 
with a swamp back of it and a rather steep bank along the front. The 
coart houBe is built on the front or eastern ci-est. It is probable that the 
bar is a storm beach and stands slightly above the mean level of the 
old lake. This may account for the cutting of a bank on its front, la 
this connection it may be remarked that the haae of the blaff is gener- 
ally a few feet lower (5 to H» feet) than the highest jKirt of the gravel 
bars along the old shore. This is perhaps an indication that the lake 
had dropped to a slightly lower level before it had completed the cutting 
of the bluff. The solution of the (luestion should be reached as studies 
become aioi-e extended. 

Tbf .V(;i(jt»iH(/ finttt l.tikrs. — When the ice sheet had melted away from 
the lower end of the Ht. lMiwren<'e valley a direct eastward outlet for 
the three lake basins which had been occupied by I^ke Algonquin was 
open<'d, and the waters fell nearly to the level of the present lakes. 
They were connected by straits almost as narrow as at present, and hence 
may be consideivd indeiK'ndent water bodies. Taylor lias given them 
the name Nipissiug Givat Lakes, from the Xipissing outlet or pass 
throagh which the waters discharged from the east end of (ieorgiaa 
bay into the Mattawa-Otlawa channel that led to the St. Lawi-ence. 
The lakes which we have been considering wei'e glacial lakes whose 
extent and altitude were more or less de|)endeut u]ion the ice shix't, but 
the Xipissing (Ireat Lakes were post-glacial and independent of the ice 
sheet. 

The Nipissing heacli formed on the west shore of I^ake Huron was 
found by Taylor to intersect the shore of T.ake Huron near Harrisville. 
To the south from there it is below the surface of Lake Huron, while to 
the north it rises gradually, ivachiug an altitude of about 43 feet above 
the lake at Mackinac Island and about 1011 feet at the Nipissiug outlet 
at the east end of (ieorgiau bay. The city of .Vlpeua is built on this beach, 
and it forms a conspicuous sandy belt ia the northeast part of Alcona 
rounty along the east side of the muth fcu-k <if Itlaik river. It conies 
to ihe shore of Lake Hui'on about a mile south of Itlack Kiver village, 
and is not well dis)ilayeil farther south except [K'rhaps iu the low sandy 
ridges at and back of Stuigeou I'oint lif;lit-h«u»e. These were probably 
foriued by Lake Nipissitig rather than by Ijike Huron, though they 
stand so near the level of the high stages of Lake Huron that it is not 
an easy matter to settle Iheir relationship to Lake Nipissing. 

The strength of the Nipissing beach ami the siKe of its outlet channel 
indicate that the lake lasted through a considerable period. Tii.vlor 
thinks that its beach is stronger than the .\lgonquin. Its history was 
brought to a close by the shifting of the outlet to the present one, 
through the St. Clair river, as a result of the uplift of the northern part 
of the country, 

}.ii};i- Huron. — The Huctiiatioiis of l^ike Hui-on, the ]irol>ah1e length 
of time it has existed, and the various phases of its shore, have been 
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diBousued at some length by State Geologist A. C. Lane iii his report od 
Huron county iu \'ol. VXl of this survey. It is his opinion that the 
work ucuomplished by tlie Nipissiug lake and I^ake Huron, which be 
thinks have a level very nearly coinrideut in tbiit county, is greater than 
that by Lake Algonquin in about the ratio of :i to li. and that the work 
accomplished since the beginning of I^ake Algonquin is somewhat 
gi-eater than that by Lakes Whittlesey and Warren. The records of 
lake fluctuation for "the HHI years 1«(H) to 180!), together with the rain- 
fall data from 1857 to 18!)ll, are set forth graphically in a diagram. It 
appears that there is a rude correspondence between the extreme stages 
of the lake and the wet and dry periods, as well as an nnmiat cycle 
dejiendent upon the rainfall, evai«iration, etc., at the various seasons 
of the year. Tlie extreme finctnation is nearly d feet and the annual 
about l.;t4 feet. 

Aside from the fluctuations which are due to variations in rainfall, 
there is thought to be a gradual emergence of the land on the border 
of Lake Huron as the result of an uplift now in progress. This matter 
has been investigated by (r. K. (Jilbert of the I'uite*! States (ieological 
Survey, and he calculates that the rise of land at the Straits of Mack- 
inac is at the rate of (> inches per century, and diminishes to zero between 
tliei-e and the outlet at I'ort Huron,' ('oncerning the length of time 
Lake Huron has existed, (lllbert remttrks as follows:'-' 



dtrpctk 



to ihlH regluD - 






"ThP il<'di><vd mean nitp of dinnpe— 0.*2 foot to Ihe 100 mllw In n wnlupy— lienenda nn 
HHUmpllnns whlrb are •-oavpnipnl rather thnn nmbable. These are: (li rhnt ific wbnle 

_,_^ . ,. _ _. _ .._.. being tilted without internal warping, and 121 thai the 

trientleal witb the dlreeilun of the tiitnl ehanice since the 
le ii[ip*r lakes. What we know of the general eharaeler of 
of "iHh asMimptlonii of uniformltj'. hut no better aagiirap 
__..__ .. -ailable. • • • • • I am dlHpOHed to ascribe only a low 
1 the dediii'ed rate tit ''linns'*- and regard It as indlradng: the order of 
I magniliide of tlie differential moTemenl. 
II we aitsume iiini me mie uf 0.12 foot i>pr 1011 miles per renlury Ik uniform and aecular. 
and project II backward to the lime when the drulnajie of Ijike Huron was Kbltled from 
North Bay lo IVirt Huron, we obtain tor the period since thai change about 10,DOO years. 
rmm studies at Niagara, Taylor has estlmHted the same iieriod as heiween S.iK>i) and lU.iUMI 
years: (Itnll. (ieol. Soc. America. Vol. I.\, l^W. p. >at and the companion Indimles Ibal the 
rate of modern change Is of sncb magnllnde as lo accord well with ihe idea that it coniinues 
the gpoiogic change." 

In the last l'> years Ihe land is said to have made 1(1 rods abreast of 
the life saving station at Sturgeon Point. At the beginning of the 
period it was <'utting right up to the fence lines of the light-house 
enclosure. Thence all the way to Harrisville there seems to be a strip 
liyd feet wide of recent ni-owth. and at Harrisville the report is that 
from lf<H4 to 18!S<» the lake was cutting the bluffs, which are now about 
:t;{(l feet from the lake front. 

EioN<i.Mi(' i[E«orRri;.i. 

Soiln. — ,\lcona county presents wide variations in the character of its 
soil, there being a range from the most productive chiy and clay-hmm 
soils to the most barren sand. There is also ctmsiilerable Bwaiii|>y land 
with peaty soil. The clay and clay-loam soils usually contain enough 
water to supply the needs of planls. The sniidy and loose-te.\tured 
soils vary greatly in the moisture contained in them, in some cases being 
suffleiently damp to be productive, and in some cases dry and barren. 
The following classes of soil may be readily distinguished: 1, clay: -, 
clay-loam; 3, sandy loam; 4, wet sand; .">. dry sand; li, peaty or organic 
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Boil. There ai-e parts of the county where a single i^laas of soil pre- 
vails over a wide area, and parts wliere a siogle farm may contain two 
or more classes. In the latter case the soil is referred to as mixed or 
variable. The descriptions of the soil below are given by townships, 
beginning at the lowest number and working to the highest, and should 
be used to supplement the map, Plate II. 

In T. 25, R, 5 E., situated in the southwest corner of tiie county, there 
is a strip of productive land with clay-loam soil occupying the west 
border in Sees. 7, 17, 18, IW, '20, 311 and 31. There is also clay-loam on 
the east border in Sees. 1, '2-i and '25. Tlie remainder of the township 
is mainly sandy ban-ens, the principal exception being a narrow strip of 
wet land along the An Sable river valley. 

In T. 25, R. (» E., there is a tract of productive clay and clay-loam soil 
embracing fully 25 square miles. The poor land lies around the edge of 
the township, there being a narrow strip on the south edge that is sandy, 
and parts of the north and west borders that have a sandy loam of poor 
quality and too broken for easy cultivation. A portion of the pro- 
ductive land in the north and west parts of the township has a very 
hunimocky topography, and is tliercfore difficult to cultivate, but makes 
excellent pasture land. Several lakes in this broken area add to its 
value for pasture or grazing. 

In T, 25, R. 7 E., there is only a narrow strip of productive land situ- 
ated on the north and west boi'dei's, mainly in Sees, 1, i, 5, li, 7, 18 and l!l, 
and embracing perhaps t> square mites. It has a mixed soil with spots 
of clay, with wider areas of sand and sandy loam. The remaining parts 
of the township ai-c dry, sandy barrens. 

In T. 25, R. 8 E., there is a large amount of wot land mapped by the 
land survey as swamp, but which when cleared and ditched is found to 
be a good farming district. In the northeast part of the township in 
Sees, i, 2, 11, 12, 1.3 and 14, there is a heavy clay soil. The remainder 
of the township carries a mixed soil with abrupt changes from sand to 
clay and a predominance of sand. With the exception of a narrow strip 
of dry sand on the w**st border, which is barren, the sand of this town- 
ship is generally productive, and several good farms have already been 
cleared in the central part of the township. 

In T. 2.^. R. 9 E., there is a heavy clay soil in Sees. 5, (i, 7 and 18, and 
considerable productive land from these sections eastward to the shore 
of I^ke Huron. A part of the moraine in Sees. 4, 8 and a has a rather 
light sandy loam soil. The south half of the township is largely swamp 
land interspersed with sandy and gravelly ridges formed by I^ake .Mgon- 
quin. Some of the wet land in the southwest part of tlie township has 
been brought under cultivation and proves to be very productive. It 
embraces a bay of Lake .\igonqnin and has a soil of flue sand or loam. 

In T. 2fi, R, 5 E„ there is a very broken tract of sandy loam. The same is 
true of T. 20, R. (J E., except almut 12 »<iuare mites in the northeast part, 
which is a le\'el tract of wet sand. Koth townships are much better 
adapted to grazing than to farming. There are several lakes in the hilly 
portion and several small streams in the flat portion, which afford an 
abundant supply of water for herds. 

In T. 2lt, R. 7 E,, there are a few square miles of sand and sandy loam 
with rather light soil, but much of the township has a productive soil 
of etay and clay-loam. Ttie most barren soil is found in Sees. 18. 10, 21), 
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21, 22, 27 and 28, being largely dry sand. Sees. 1, 2, 3, 4, 12 and 13 have 
much sandy laud but are well watered and adapted to grazing. The 
remainder of tbe townsliip has a mixed soil with patches of clay and 
much clay loam and a moderate amount of sandy loam. Nearly all can 
be brout;ht under cultivation except the sandy sections above mentioned. 

In T. '2G, R. 8 E., there is a tract of productive clay land in the eastern 
part, in Sees. 11, 13. 14, 23, 24, 2.'>, 26, 35 and 36. The northern third has 
*& sandy loam and is adapted to grazing rather than agriculture. The 
remainder of the township has a mixed soil with a sufficient amount of 
clay and clay-loam to justify bringing it under cultivation, and a large 
part is already cleared and farmed. 

The greater part of T, 20, R. 9 E., is productive farming land. There 
are a few farms with sand and sandy loam along the Alcona moraine 
in the eastern part of the township. The northwest part iu Sees. 5. fi, 
7, 8, 17 and 18 also has a sandy loam soil, but it is fair to good farmiug 
land. The narrow lake plain is in places very stony and is on the whole 
less productive than the upland back of it. 

In the southeast part of T. 27, R. 5 E,, there is a tract of about 15 
square miles which has a productive soil of clay and clay-loam. The 
western and northern portions have a lighter soil, adapted to grazing 
rather than farming. Tbe northeast part is level, and there is con- 
siderable swampy land in 8ecs. 1, 12 and 13. 

In T. 27, R. 6 E., there is a tract with productive clay-loam soil extend- 
ing northeast from the pi-oductive tract in T, 27, R, 3 E., from Bees. 
IS, la, 30 and 31 to Sees. 3 and 4. It is very hilly in Sees. 17, 18, ly, 2«, 
30 and 31, and difilcnit to cultivate, but in Sees. 3, 4, 9 and 10 there is an 
undulating surface easy to farm. The remainder of the township ie 
adapted to grazing and well watered, but the soil is rather light for 
farming. 

lu T. 27, R. 7 E., there is very little productive farmiug land. The 
northwest quarter is largely swamp and part of it covered continually 
with water. It opens into Hubbard lake at the northeast end. The 
remainder of the township has a rather light sandy loam soil that can 
be best utilieed for grazing land. 

In T. 27, R. 8 £., the productive land is largely situated in the south- 
east quarter, there lieing considerable day-loam soil iu Sees. 23, 24, 25, 
26, 27, 34, 35 and 30. There is a swampy tract along Sucker creek, 
which when cleared up and ditched may become productive. The 
uplands in the northern and western parts have some clay-loam, but 
sandy soil pi-edominates and grazing would probably be more profitable 
than agriculture. 

In T. 27, R. E., there is a large amount of productive farming land, 
which is nearly all under cultivation. The western and northern borders 
hare a sandy loam, and the moraine and lake plain that lie between 
Black river and I,ake Huron have a sandy or sandy loam soil, but in 
the remainder of the township clay-loam greatly predominates over the 
lighter soils. 

In T, 28, R. 5 E., in the extreme northwest part of the county, then^ 
is but little land adapted to agriculture, and this is in a belt of hard- 
wood timber in the southwest part, covering parts of Sees. 2«, 30, 31, 32, 
33 and 34. The eastern edge of the township is tlat and rather wet. The 
remainder is dry and largely rolling land with light soil. 



58 



BOARD OF GEOLOGICAL SURTBT. 



On the wi'at bowler of T. 2^, R, 6 E., there is a strip of flat and rather 
wet sandy land. There is also a lat'{;e swamp in the northeast part in 
SecB. 1. :;, ;t, ll and 12, The remainder of the township is rolling land 
with rather thin soil. Tin? wet land may he brought under cultivation 
after it is <-leai'i^ up and ditched, bat the uplands are scarcely suitable 
for farming. 

In T. '2H, R. 7 E„ there is ararcely any land under cnltivation and 
much of it has a light soil. Hubbard lake occupies about one-third oV 
the township. It is doubtful if the uplands west of the lake will be 
worth settling, but northeast of the lake the soil is better, though it is 
a very hilly tract. 

In T. 2S, R. 8 E.. there is a large amount of pr<Kluctive land. At least 
80 per <'ent of the land is a rich clay or day-loam. The only tracts worth 
mentioning that are too light for agriculture are small areas in the nortli- 
east and southeast <-orners and in Kecs. '21 and 28. There is a large 
swampy tra<rt at the headwaters of Sucker ci-eek in Se<'s. 23, 2G, 27, ;{4 
and ;i5. There ttre also swamps in the southwest iind northwest parts of 
the township. 

In T. 28, R. !) E,. which is the northeastern corner township, there 
are a few square miles of productive land in Sees. W, 7. 8, 17, 18. 13, 20, 
21 and 22, with considerable clay-ioam soil, Theif is a very broken 
tract south of these sections in the southwest part of the township with 
a rather light soil. The remainder of the township is a low swani]iy 
tract bordering the lake. 

W'clh. — It is only in the thickly settled eastern isirtion of the comity 
that wells have been pnt down in sufficient number to test the supply of 
underground water, and even then' it has usually been tested only tn 
very slight depths. Throughout the thinly settled western and central 
portions, springs and surface water are generally adequate to the nee<Is 
<if the residents, though the quality of water is in some cases very poor. 

The wells are usually lietween 15 and :W feet in depth and obtain a 
moderate supply of water of fair quality. They jippear to be sn)iplied 
largely by seepage from the clay which pi-evails in that part of tin- 
county. The deep wells present less uuiforiuity than the shallow ones, 
some being strong while others are so weak as to be pronounced failures. 
Kome are entirely through clay, while others are largely throagh sand, 
nnd still others pass through allernatt(ms of sand and gravel with clay. 
Tlie wells indicate that there is a widespread and thick bed of sand 
ander the surface clay in the eastern part of the county. It is often 
dry for a few feet, but is charged with wafer farther down. In such 
wells there is little or no rise of the water iibove the level at which 
it was struck. Wells which enter waterbearing sand iniiiiediatcly 
under the clay an- liable to have u head considerably higher than the 
top of the sand bed. 

It is probable that llowiiig wells uuiy be obtained by sinking to a 
depth of IIHI to 1511 feet or less in several localilies within the couTity. 
for the situation is very similar lo that in tlowing-well districts in 
neighboring counties toward the southwest. The eastern shqte of the 
prominent moraine from I-otf postoHice northward across Tps. 25, 2(i 
and 27, K. H E., srt'ms a very favorable place for flowing wells, the con- 
ditions being similar to those iit Rose City and ^\'est Ilranch, in Ogemaw 
county, Possibly Hows may he obtained in the southeast part of T. 
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^7, It. 5 E., and not tb west wai-cl (fom there i»ast Mefollum lake. IT the 
ice sheet pushed up into that repidii from thi- northeast, as seems pitilt- 
able, the waters which soak in ahm;.' thi- i-h-vatfil moraine thiit con- 
stitutes the divide between the An SjlIiIc :iih1 Thunder Buy rivers uic 
likely to be workinifdown the slojic mwani Tliiindci' Itay Hver aud uuiy 
have sufficient head to overflow in I hi- cijii[i.aiiitivcly low tracts at Ihc 
head of Wotf, Silver and MetTJnn creeks, uud foi' some distance down 
these streams. 

In the eastern jmrt of the county, flowing well pr<)s[>ects seem good all 
along the lake shore on the east side of the Alcona moraine. Flows 
may also be struck in low ground iioih north and south of the divide 
between tributaries of Hubbard lake and the headwaters of the east 
and west branches of Pine river. One flowing well has already been 
obtained near a branch of I'ine river in Sec. 11, T. '2(i, R. H E., at the 
moderate depth of fi5 feet, which is at least an enc«uiragenient to pros 
pect for others in similar situations along each side of this divide. 

At Harrisrille and SpringiKirt aud for soiue distance north aud s<iiith 
from these rillages there are strou;; springs issuiug along the border 
of the lake, wliich supply the needs of rcHitlenls to such an extent Ihal 
but few wells have been made. 

At Black River village water is liauled from the lake and delivered 
in barrels to tiie residents, the lake waicr being of far belter i|nalily 
than that obtained in sballuw wells in that swampy tiact. W. It. Huiilii 
made a boring in this village which siruck a hard material. puMsilily 
bed rock, at M feet. .\ second boririj; a few fwt dislaui sinick a similar 
material at the same depth. 

At Oi-eenbush wells liS to M feet deeji fuiiiish a j-ood quality of waler. 
They are largely tbiongh sand and t;rau-l. 

In the vicinity of Lincoln the wells hit ;iil i<i 4ii feet in ili-|iili, largely 
through sand. In this village the laki-s ai-e used U> a jrrcal cxlcui for 
watering horses and cattle. 

In and near Mikado several wells are abnul '.W feet in depth, aud are 
largely through clay. William Dolson has a well 114 feel ileep on his 
farm sonth of the village which was all ilav excejit thin saiiil beds at 
45 and 50 feet. It was of a yelhuv ,.i!or ■|i> a dejith of V2 feel, the 
K-mainder blue. There is a good siipph of waicr in this well, hnr one 
:;() rods sonth at Johu Hutterflelds reaclnil a depth of 7U feet without 
obtaining a supply of water. 

.Vt Killuiaster there is abnndau<'e of water at various depths, a.s 
shown by the three deep btnings made in pros|ieciiug tin- oil. The 
water overflows from the base r)f tlie drift. Records of the borings 
ap|(eiir in Dr. I,aue's discussion of gas (pages liiJ to (i7 of I his report I. 

At Vaughn Station, Hartwell Hayes bored SI) feet Ihrough clay aud 
found very little water, but several wells in the vicinity of this station 
obtain a good supply of water at about :10 feet. 

The following records of farm wells in the eastern pan of (he <iniu(y 
illustrate the vuriable depths at whiih water is fonud. and in soni'' 
extent the be<l8 penetrated; 
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B the road 



It nencfra. 
well Mr. ] 



lit obtalnfd a good (juBlltr of water. Some 
] odor, obtained Id the blue-black cloy. 
sh towanhlr. ** feet deep, which hai only two 
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Frank Spencer has a well 
Miller. Ic penetrated 4" feet 

Mrs. Cbapel, l.i miles wea 
ii-^iinlly aba I low. 

'I'bomflB Stone baa a well I 

Mia. B. Culver'a well about a mile BOuthcaat of Lincoln la 68 re«t deep and n 



In Sm. 18. Harrlsvllle u 
of dry sand, and then n 
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In Sec. 15. Ilarriavltte 
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'I'Ue flowing well at Frank 
T ITT. It. 8 K.. la 6& feet, with [be bead five feet 

IS feet; (2| gravel and weak water vein, 8 Incbea : <'JI clay witn nara 
fiet from aurface and softer ela<f below. 11 leet : (41 gravel with Bow of 
iir well about 120 feet above r^ke llnron. 

.luhn I'larke. In .Sec. 27. T. 2T. H. S 10. haa a well on high ground (bat 
viry little bead, though a strong well. It penetrated: (1) luauy soil 3 i 
.l.iy 30 feet: |3) dry aand. becoming wet near* boilom. 30 feet. Mr. Cla 



r. 2 feet. Altitude 






fee. 36. that la 36 feet 
n beds of aand and clai 
~ r, Haynes 



(bat has only a tew lochea 
same aeellon, 10 leet deep, 
depth. In thiB Bell 



r Close haa O well 53 feel deep In 

ci.-pth of water yet la alrung. l':dwBrd B 
wtih but little head, and I>, \V Brooks baa 

ibere are SI feet of atlS clay below wMeb __ 

Napoleon Sberbeneau made a well 11" feet deep in Sec. 
J and gravel at bottom, but pnased through murb clay. It haa cunaiderable heau. •••s 
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M ABL. LEVEKETT. 

Marl deposits in Alcona county, so far as exaiiiinptl, weiv found to be 
too thin to be utilized in tlie cement industry. Tlieve is from fi to H* 
feet of ratbei- impure marl in tlie lake on the townsliip line a mile west 
of Lincoln. About G feet of marl, apparently of pood (juality, was 
found on tlie border of Tubb's lake in Sec. 31, T. '2ii, It. 7 E.. forming a 
jilutform 10 or 12 rods wide. Marl deposits 1.5 to 2 feet thick are 
exposed in a railway ditch in a swainp one-half mile uoith of Harris- 
ville Station, and a similar depth in railroad ditches south of tireen- 
hush on the west side of Odar lake. 
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MARL (bog limb). — LANE. 

Deposits of what is popularlv knonn in Michigan as marl, but is 
near^r a pure ralcium carbonate, occur at a number of points at Spring- 
port (South HarrisviHe), Kirk Liidington's, Shabno's, four miles south 
of the Presbyterian church in T. 27 N., R. 9 E., etc. 

A Tcrv interesting deposit in some ways is one that is crossing the 
lake road about tliree miles and a half north of HarrisviHe. It covers 
probably °^^ '^^^ ^^*^" ^*' acres. I do not know how deep it is, though it 
has l>een lested. The interesting thing, however, is its mode of occurrence, 
whicJi is directly in front of the bluffs worn by the lake at a higher level, 
with no ridge or barrier between it and the present lake. It is wasting 
away, but the upper part is redissolved and precipitated and passes into a 
firm and hard calcareous tufa, while as one goes down it becomes 
granular and then soft. It appears to be a genuine Chara lime formed 
by the precipitation of lime by the lake weed known as Chara, but it 
can hardly be supposed to have been found in such purity directly on 
the beach of a great lake, and we are forced to assume that it is the 
reiic of a small lake, the rest of which has been eroded away. 

There is enough, perhaps, for lime kilns, but hardly, 1 think, for a 
cement plant; and, beside, it is so hard and granular on top that the 
advantage of marl, its fine sludgy character suitable for mixing, would 
be lost. 

CL AV . LEV EBEIT. 

In general, clay deposits of fine and uniform texture are rather rare 
in Alcona county, but in the southeast [tart there is considerable clay 
that carries but few pebbles, an area of several square miles being 
found around Mikado and northward from there between Gustin and 
Killmaster. Although an unsuccessful attempt has been made to burn 
a kiln of brick at Mikado, it seems probable that the surface clay will 
in many cases prove suitable for brick or tile. It will at least be worth 
while to experiment further with the clay, for that part of the county 
would be greatly improved by underdraining with tile, and it will be 
an advantage to manufacture the tile where it is to be used. 

CLAV. LANE. 

At South HarrisviHe, Hec. '3'2, '£. 20 X., E. E,, some brick has been 
made of glacial clay. It is not entirely free from pebbles, effervesces 
somewhat and makes cream-colorcd brick. Some brick has been 
made also at Mikado (West Greenbush) of a similar quality. All the 
clays of the county are Pleistocene or surface clays, and it is the almost 
universal rule that such clays have more or less calcium and magnesium 
carbonate. Generally the top of the bed is free from carbonates, which 
have been leached out. 

Just at Harrisviile the stream falls over a smooth, well-bedded clay, 
apparently an old lake clay free from pebbles. If not, it could easily 
be washed free by the stream.' Hack of Sturgeon Point, on Sec, 25, T. 
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37 N.. R. E.. art' fields where a uimilar clay appears to be present, 
but it is i>ai-tkularl,v well expusfd wlieri? tlw Ulack river uiteDs out 
from the liiily moraine rountry to the swampy land of the old lake 
liottom on Hee. :t of the Htiine towiisliip and >^e. :t4. just north. Here 
ii cnlcareouB elay, is extremely well ex|M>8ed in the bed of the stream, 
iipl>earint; almost as though it were t>eil rock. Itut probably the same 
bed of clay also iippears in the bluttH of the oiitt-r valley above the 
flood plain nod at least 10 feet above the river. Here it is li(;ht reddish 
ill color, does not effervesce with aeid. lies rlose to the abandoned track 
• if an old logging railroad, and could be readily worked. I should think 
ii would make unusually good brick and tile (see analysis below), though 
j[ is quite possible that farther working and testing with auger would 
sliow that in going deeper more lime was encountered. Still it is quite 
likely that an important tO]) layer may have bisen leached fix*e. 

There are indications that similar clays occur all the way along, but 
sinaewhat below and nearer the shore, the highest former shore line of 
Lake Huron lfi45 to (S5 A. T.). 

The An Sahle river also flows at several jioints over firm, weil-bedded 
pink clays, ap|)arently free from ]»ebbles but full of lime. A good place 
III observe them, however, is in a little side stream at Rauilield'B, Sec. 
11, T. 25 X., R. 6 E.. where they art* well exfmsed. 

Three typical samples of the clays were sent to the McMillan Chemical 
Laboratory, Albion, for analysis, and tlie following reports were receive<l 
fiom Prof. Delos Fall: 



Combined illica 27.6ii 

Alutnln* l-'-H 

Oilde of Iron 3R 

Csrbonic oxide.'.'.', '.'.'.'.'.'.'.*,'.'.'.',".'.'.".".'.'.".*. ','.*'. Ifi'.a 

rilulnm carbontle 

So Ipb or anhydride o.« 

lt»gn««ia • 0.« 

Organle matter S.'.i 

Dlllerence. piiDclpolI; slkallei 13) 



No. JHO is the ordinary calcareous <lay or marl of the district from 
lilack river near the water level, and is free from jK-bbles or grit. It 
will be seen that it is composed of about '^i very tine sand or rock 
llimr, Ml clay ju'oper. and '/( dolomite. It may l»e used for making 
hriek, but wilt yield a light brick that will not stand hard burning. 

Samples of clay from the Au Sable valley appear to have similar 
< I imposition. 

No. illl, from the old brickyard southeast of Harrisville, is a typical 
ii!e clay and contained some small limestone pebbles. It will be seen 

• Tlierel* not eooagliCOt to combine with all [be lliueanil migneala. Hence there Is probably some 
lijitrims magneilan illlcate pieient.— L. 
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tliat it oontains even more iime. nearly half. Neither of the clays 
appear to be Biiite<l to the liighei- nseti for chiy. 

Xo. Dili, the third tia.v, which HeH over No. 1110 and may be derived 
from it by solution of the cak-areons material, is of Hn entirely different 
eharacter. If the Bilica is finely divided enough, nnd 1 think it is, it 
would make an exfellenl day to mix with Portland rement for the 
Hianufacture of marl. 1 have given an analysis of the Millbnry, Ohio, 
i-lay, whirh is largely used in the state for cenifnt nianufai-ture, for 
(^^oinparison. 

It would also make an excellent grade of red brick, and very prob- 
ably also piiTing brick. It remains to be* seen by a series of borings 
how mn<-h of this clay there is, but in all probability Held tests show- 
ing whether it effervesces with mnriatie acid will be sufllcient to show 
this. 

WATEB POWEM. 

The following data concerning the water iMiwer in Alwna county have 
lieen furnished by J. H. Killmaster of Harrisville, who has a general 
a<r<]uaintanee with the conditions throughout the county : 

"(leoerully siieakiug, dams of Hi to 14 feet head could be maintained 
on the south, west and east branches and main stream of Pine river, 
with horse power from 40 to 200. according to location, the farther down 
the stream the larger the vohime. The same thing may be said of the 
sti-eaniH flowing into Hubbard lake and of Itlack river. The portion of 
Wolf creek in Alcona county carries but a small volume, but in Alpena 
<ounty it becomes a stream of considerable volume. 

"On Pine river there is a dam on the east branch at Killmaster 
village with 12 feet head and an average of about 40 horse power for 
the season. There is u 48-inch turbine wheel here, but the volume is 
not sufficient to supply the wheel except during the spring freshet. In 
the summer the wheel will exhaust the water in about 4 days, so that 
the stream will not furnish the wheel more than 4 days a week. 

"The other tributaries of Pine river have about the same volume as 
the east branch at Killmaster, at corresiiouding distances from their 
s<mrce8. A dam could be constnicted at the junction of the east and 
west branches in Sec. ;J, T. 2J>, K. S E,, that would give a head of 10 or 
12 fei't, and the supply of water would probably supply a (iO-inch turbine 
wheel, for tlie power should be at least 150 horse [tower, 

■■There is a dam on Kiige (Mc<}illis) creek in Se*-. Xi, T. 20, R. 7 K., with 
12 feet head. The stream is small and the power of no conseipience. 

-\ dam at the head of the south branch of Thunder Itay i-iver, just 
below the point where it leaves Hubbard lake, has 6 feet head, and there 
is pi-obably about 200 horse jMiwer. 

"A dam on Sucker ci-eek in See. 5. T. 27, H. 8 E., has 10 feet head, with 
power about the same as at Killmaster. 

■■On Huhbai-d creek, in Sec. 24, T. 27, It. (i E., there is a dam with 12 
feet liead and a power about the saiae as at Killmaster. 

■■There is a dam with similar head on Wolf creek, in Sec, ;{1, T, 2S, K. 
E., with a greater volume than at Killmaster. 

"The dam at Black nver has 10 feet head and probably there is 50 
horse ] lower, 

■'The dam at Harrisville is on a stream which would furnish per- 
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haps 15 or 20 horse power. There is an ftbandoiied dam beside; between 
them there may be 20 feet fall."' 

Id his report on the Water Resources of the Lower Peninsula of 
Michigan, State Geologiat A. C. Lane notes that the Au Sable river has 
splendid unused water powers, especially through the stretch from Mio 
in Oscoda county to T. 24, R, 6 E., in Iosco county, which embraces the 
portion of the stream in Alcona county.* 

SUBSURFACE GEOLOGY. 



t^earch for rock exposures along the shore and the Au Sable river, the 
two regions most likely to show tbem, has been fruitless, and no rock 
ex)>osures have been met incidentally. Xor has inquiry led to any 
authentic exposures. Along the rapids of the Au Sable, however, there 
are blocks of sandstone apiwirently belonging to the Marshall series, 
which may indicate that sandstone is not far beneath. The drift at 
Bolton, Sec, 35. T. 25 N., R. 6 E,, shows abundant Marshall sandstone 
fragments, and it is conceivable that some of the streams may show 
rock exposures. But none of the places that we examined proved to be 
such, merely hard, very clayey till of the ground moraine. 

We are mainly dei>endent, therefore, for our knowledge of the rocks 
beneath upon borings in this and adjacent counties and upon our knowl- 
edge of the general geology, checked somewhat by certain facts as to 
the character and arrangement of the surface deposits. 

In regard to the general lay of the county, wo may note that the rocks 
of the Lower Peninsula of Michigan, as has been long ago pointed out 
by geologists, lie in a basin whose center is somewhere near Midland 
county. Thus, for instance, the limestone formation which appears in 
the Griffin quarries three miles northeast of Omer can be traced south- 
east to the lake shore, over on the Charity islands, at Bayport in Huron 
county, and so down to Jackson county, and thence curving northwest 
past Bellevue to Orand Rapids. Not only do its outcrops lie in this 
great curve, but the formation is found in borings beneath Midland. 

All the coal of the State will be found practically within the bnsin 
made by this limestone formation. Thus no coal in commercial quan- 
tity will be found in Alcona county, as it lies outside the basin, and the 
rumors of coal are mainly founded upon the occurrence of black shale, 
as will be later described. 
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Moreover, since Alcona county lies in the northeast of the center of 
the basin, we may expect that the roclts, if there is no irregularity, will 
dip, and an; particular bed will be found deeper, to the southwest. 

The exact direction of the dip may not always be the same. The 
directions at right angles to it, known as the strike, are given approxi- 
mately by the course of the north side of Thunder bay, and the rock 
ridges north of Alpena, and seem to he very close to northwest and 
southeast, though if the reet' about 7 miles off Harrisville in 14 fathoms 
of water Is a solid reef of limestone, it may be more nearly N. 371/2° W. 

Kow there is but one set of wells to bed rock in the county, those at 
Killmaster, and they are so near together that it is not very safe to 
infer dips from them. Ho in estimating what kind of rocks' a section 
down into the earth would show we have taken into account wells 
immediately north around Alpena, south around Au Sable and Oscoda. 

A few words as to the names of the rocks may not be out of place. 

The unconsolidated deposits are known as surface or drift, and are 
either sand, gravel, stratified clay, or a atony or bouldery, poorly strati- 
fied clay known as till. Aggregates of vegetable matter known as peat 
or muck, and of calcareous matter known as tufa or marl, also occur. 

A consolidated sand is known as a sandstone. Other rocks, when they 
or their drillings are granular or crumbly in texture, are sometimes 
called, mistakenly, sandstone. 

A fine-grained sandstone, the individual grains of which are angular 
with good cutting edges, is known as a grit. 

A consolidated clay which easily splits, is known as a shale. They 
may be of various colors, most usually blue, also white (often called 
fire-clay), red (especially near salt water), green or black. The black shales 
are often mistaken for coal, but though they contain some combustible 
matter, in the region of which we are talking it is but 20 per cent or less, 
and they have no commercial value. Limestone is composed mainly of 
carbonate of lime. When magnesia takes the place of the lime largely, 
it is known as dolomite. A blue color generally indicates more or less 
animal or vegetable matter or clay. A limestone with clay is said to be 
argillaceous, with sand, arenaceous. 

The record of the wells must be taken from reports, as samples have 
not been preserved, but only in a few cases indicated do 1 suppose the 
description to be seriously wrong. 

KILLMASTER. 

At Killmaster three wells were put down, one about 10 rods from the 
bridge on the east side of the stream and about 500 paces N, 1000 W. of 
the south line of Sec. 22, T. 26 N., R. 8 E. Its elevation is near that of 
Ihe Gustin Rtation, i. e., about 070 A. T. It was the last put down' and 
the deepest (1530 feet). It is said to have had 150 feet of 10-inch casing, 
240 of 8-ineh to bed rock, and 614 feet of 5%-inch to case off salt water, 
the hole being dry the balance of the way. There is said to be 600 feet 
of casing in it still, not now to shut off the brine, for it is put in with 

' FlBhermcD bring up pieces or honej-Fombed llme^tnrie In tlielr nets aod sa; tb&t the cavities 
are nied by trout to lay tbeir spavn wbere It Is proteetnl from other flih. The eaine 
pbeDomeD& are reported by Bell from Ihe Manltoulln Islands on tbe opposite shore of the 
lake: Bull. Geol. Soc. Am., Vol. e, p. 29T. It also ocours off Sand Beach and Charlevoli. 

■ 1692 by Ilawes dc n'ooaward, oC Fladtay. Ohio, witb cable tools coating aboat fS.OOO. 
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a perforated screen at the bottom, bat bo as to ensure that the brine 
pump which was once planned shonid draw the brine from the bottom. 
However, this inside casing is now stopped up at 306 feet, as that was as 
far as I could let a thermometer down. Moreover, when it is bailed out 
it remains for some time at a different level from the water between the 
two casings, which rises to the top of the inner casing and slowly flows 
into it. It is a strong brine, a little from the top giving a specific gravity 
of 1,105 and 40.6 ounces of it yielded 6.5 ounces of salts, i. e., 15.9 per 
<-ent.^ The temperature at 302 feet is about 50° F. The record is as 
follows: 
(Surface Deposits: 

8Rnd, then till, no gravel at the bottom 240 240 

CoMirater Shale Series: 

Sandstone 4 244 

Gray shale 6 250 

Sandstone 4 254 

Gray shale 276 530 

Berca Hhale: 

Red shale 20 550 

Black shale 20 570 

Berca Grit: 

Sandstone: Gas in top of sandstone, and a very small quantity of oil, 
which was overcome by salt water in the sandstone below the gas. 
However, bubbles of burning gas (not H,S or CO,) are now coming np 
continually in the water, which analyzes as given. ... 40 610 
Devonian (Antrim^) Shales: 

Gray shales (compare Bedford shales) 150 760 

Dark shales (.compare Cleveland shales) 150 010 

Gray shales (compare Erie shales) 25 935 

Dark shales (compare Huron shales) 65 1000 

(The top of the Traverse may be here.) 

Gray shale and limestone 32 1032 

Black shale (compare Huron shale) 58 1090 

Limestone, color varying from light to dark.... 440 1530 
Traverite (i. e. Hamilton) : 
The first few feet are — 

Hai-d limestone 8 

Soft limestone 80 

Hard limestone 90 

Hard limestone 4 

Soft limestone 20 

1 Th«Ep giivp rrnf. P. S. Kpdil« an nnal.vHls : 
CbC1( ll.a9%Qftbeulu, I.e. 1.821% of the brine 
MgCli S,W .se-i 

FaCIt .20 .031 

Wkter ol cryeulliutlon 



NftCI (Mltn2.21 12.014 

lOff.M 14.929 sollda. 
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Hole No. 1 is about 80 rods from Xo. 3, riearly south, but a little east of 
it, and was the first put down. It is 10 feet bv hand level above No. 3. 
It went only 600 feet, stopping on a hard bed which was supposed to be 
limestone at first but was afterwards thought, and doubtless rightly, 
to be the hard upper crust of tlie bed encountered at 570 feet in No. 3, 
A dip to the south of between 30 and 40 feet is thus indicated. 

The formations were similar to those in So. 3, except that there was 
a bed of gravel at the bottom of the drift, which served as a reservoir 
for gas. This showed a registered pressure of 103 pounds (apparently 
the direct water pressure). This gas was overcome by a large flow of 
fairly fresh water, which was encountered when the 6-inch casing was 
driven through the gas vein into the sandstone rock. The well was 
bored wet with pole tools. At first the water gushed up with 40 feet 
head or so, but now it barely flows. It still yields, however, a consid- 
erable quantity, converting the neighboring land, though 20 feet above 
the stream, into a cat-tail marsh. The water has a Sp. gr. of 1.005, 
gives strong reactions for 'calcium and chloride, but practically none for 
sulphates. The temperature of this slowly-flowing water is 47° F., 
about 3° less than the temperature at 307 feet in hole No. 3, and 3° F. 
more than spring water. 

The deep hole. No. 3, was dry below the Berea Grit.' At 1000' or 
lO'JO' the black shales occur which are so widely diffused in the drift 
aqd outcrop at Partridge Point and Thunder Island. The base of these 
black shales is shown in two wells, put down by the Alpena Business 
Men's Association. 

ALPBXA COUNTY WELLS. 

The wells just mentioned were one on the north line of Sec. 22, T. 29 
N., R. 8 E., and the other on the east and west center line but a few 
feet from the water and a few feet above it. I have seen samples from 
the wells, and the base of the black shale appears to come shortly below 
63 feet in No. 1, below 76 feet* in No. 2. This would indicate a drop of 
more than 32 feet per mile to the south or 45 feet per mile to the south- 
east, for the northernmost well is the more westerly. These wells are 
almost directly north of Xillmaster, and supposing the black shale in 
the Killmaster well to be at 1090 feet, we have a dip from the No. 2 well 
to the Killmaster No. 1 of^ 38,4 feet per mile, or 53,7 feet per mile to the 
southwest. 

Comparing holes Nos. 1 and 3 at Killmaster, we found a similar dip, 
and the same rate is indicated from the exposures of the base of the, 
black shale on Partridge Point, just north. 

The dip around Alpena is reported by Mr. A, ff . Grabau as also about 
30 feet to the mile to the south, i. e., 42 feet per mile to southwest. 

At Alpena there are three wells over 1000 feet deep, from which we 
may obtain an idea of the strata which may be met from the black 
shales down to the rock salt. The record of the Churchill well was as 
follows I* 



> given by Mr. Grabau later In tble report. 
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Record of the Churchill Well. 
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Record of the Churchill 'WzLL—Cominved. 
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There seem to have been casiDgs at 800, 1062 and 1278 feet. 

The end apparently corresponds to the rock salt bed, whicli at St, Clair 
and all along the St. Clair river occurs 800 feet and more below the top 
of the Dundee beds. 

A number of other wells by Fletcher, Moench and others do not go 
so far, but go through the shale above into the Dundee limestone for 
water.* 

AUSABLK AND OSCODA WKLLS. 

These points are as much south of the county as Alpena is north, and 
yet since there are no outcrops and but one group of wells to bed rock 
in the county, we are obliged to take them into consideration. Some 
11 wells have been put down here within a distance of a mile. We may 
distinguish in order from north to south three groups, which we may 
call the Pack group, the Smith group and the Loud group. 

Unfortunately, we have no detailed log of any of these wells, but from 
various recollections, letters and allusions in reports of the salt inspect- 
ors we may compile the following account, upon which we may rely 
with some confidence: 

* Whicb bas been analyzed. L'. s. G. S. Wat«r Supply Paper No. 31. 
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The Pack wells are 20 to 25 feet above the lake, tlie Smitb wells about 
15, the Loud wells from 6 to 8 feet. 

There are 90 to 100 feet of sui'face deposits, mainly sand. Then dowD 
to some 200 feet is a series of sandstoaes and shales, which yields in 
the less elevated wells of the Louds a flow of slightly saline water cou- 
tainiQg from y-y to 1 per cent of salt, at a temperature of about 48'' to 5tt^, 

Then blue shales, and occasionally red, predominate, and toward the 
bottom black shale, the Berea shale, until at 950 feet in the Park wells, 
960 in the Smith, and quite likely a little deeper in the Loud wells, they 
strike the Berea Grit, This holds a strong brine, 90' to 98% of good 
quality, as the analysis of Smith Kelly and Dwight's brine shows.' 
But the sandstone is fine-grained and split with, and passing into. 
shale and does not yield brine freely, though the quality, in its low per- 
centage of sulphates and ratio of earthy chlorides, is that of the Berea 
brines generally. According to Mr. E. F. Holmes, the sandstone in 
going north runs out and yields less and less brine. 

We find also in Alma, Grayling and western wells that there is little 
trace of the Berea. Comparing the Oscoda wells and their elevations, 
it is clear that the sandstone must dip 30 to 40 feet per mile to the 
south. Beneath this Berea Grit one well of Pack's was drilled to about 
1800 feet depth, and is said to have been 1761', 1785', 1850' deep accord- 
ing to various rei)ort8, and dry all the way, encountering only blue and 
black shales with thin streaks of limestone. It is reasonably certain 
that it could not have penetrated the Dundee (Cornlferous) limestoues, 
whose hardness, light colors and mineral waters could hardly jfail to be 
remembered. But it must have gone pretty near to the top of it, and tlie 
black shale, in which Mr. Elliott, the driller, says they left off, may have 
been the BelP or Marcellus shale. This, according to Mr. Grabau, follows 
the trough of Grand lake north of Alpena, some 50 odd miles north of 
Oscoda, and accordingly the dip thence to Oscoda would average between 
30 and 40 feet per mile. 

If the strike of the rocks is supposed to be S. E., the Pack wells in 
Sec. 34, T. 24 N., R. 9 E., should have the rock at about the same eleva- 
tion above sea level as Sec. 34, T. 25 N,. K. 8 E,, near the south line of 
Alcona county, and we have so assumed in constructing the section (Plate 
IT). According to this the dip from Killmaster would be,^ measuring on 
the top of the Berea Grit, about 50 feet per mile to the south. But if the 
strike is nearer east than south the true dip will be less than 50 feet, 
but cannot be less than 26 feet per mile, which it is in the direction from 
Killmaster to Oscoda. 

It is unfortunate that we cannot identify the top of the (Hamilton) 
Traverse in the Oscoda wells and thus be able to compare dips on this 
horizon with Killmaster and the strata about Thunder bay. 

'U. S. G. a. Water Supply I'aper Xo. 31-N'i>. 201 : 
CaCOj tr. 
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Oil and gas possihilities, — The Eo-carboniferous series to which the 
Marshall sandstones and Coldwater shales^ belong contains a number of 
**oil sands" in Pennsylvania, but the first horizon which seems hopeful in 
this State is the Berea Grit. This rarely fails to show some signs of oil or 
gas. On the west shore the salt wells of Muskegon and Ludington 
encountered more or less gas at this horizon. So did the wells at Bay City 
(at 2090') and Blaokmar (at about lfi32'). 

It is a well-known oil sand in other states, and the Killmaster wells 
show that it may yield oil or gas in the county if other conditions are 
right. 

The quality of the oil is much better than that from the Canada 
horizons, which is a heavier oil with more sulphur. The Petrolea oil 
seems to come from beneath the black shales in the limestone of the 
Traverse and Dundee beds. The deep Killmaster and Oscoda wells 
seem to show that the Traverse is not only dry but free from oil or gas. 
The Dundee or Corniferous, however, has not been struck in the county, 
though the section shows at what reasonable depths it should be found. 
There are other oil and gas horizons underlying the county. The 
Niagara has one and the top of the Trenton also is a well-known place, 
which has a great reputation among drillers, but the depth is so great,^ 
and the chance of finding anything of value, unless something is found 
higher up, so small, that for the present they may be dismissed from 
consideration. 
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Illastrating possible occurrence of gas or oil. Compare the section on Plate II. 

The source of oil and gas is supposed to be animal or vegetable mat- 
ter buried with the rocks when thev were formed, and slowlv decom- 
posed, very likely in the presence of salt water. The vegetable matter 
is supposed to make the lighter oils, which are free from sulphur. The 
same vegetable matter gives the dark coloring to the black shales which 
we find both above and below the Berea Grit. 



^ There are beds of shale in the sandstone, and sandstone in the shale. 

* The Niagara very likely begins not more than 200 or 300 feet below the Alpena rook salt 
horizon, is liable to be 800 feet thick, and will be sacceeded by a series of red, blue and black 
shales, €00 feet thick or so, beneath which will come the Trenton. 
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Now the first place in which we might find oil or gaa is in the surface 
deposits. It may ooeur Id these in one of four ways. 

(a) In the first place, fragments, stones and boulders of the oil and gaa 
generating strata may be scattered in the surface gravels or till, and 
the oil and gas slowly collect in pockets or pools under beds of clay, 
which may serve to hold it down. This may be in part the source of the 
gas in Killmaster well No. 2. Such gas may occur anywhere in the 
county and is probably the source of most of the gas of the surface gas 
springs, but is not likely to be of much value. 

|b) In the second place, a porous inclined bed which holds or gener- 
ates gas may be covered by a gravel bed, and this in turn by clay, as 
ishown in the sketch just given. 

In that case the gas and oil may work out from the outcrop into the 
gravel bed. Fart of the Killmaster gas might thus have worked out of 
the little bed of sandstone below, and accumulated in the gravel. 

Now it seems quite probable that accumulalions of oil or gas of value 
might thus have been formed beneath Alcona county. The coating of 
surface deposits is thick enough to give a good pressure, and usually is 
clayey and impervious enough to hold the gas down well. 

In particular it would seem quite possible that, especially where the 
Berea Grit comes directly beneath the surface deposits or the black 
shales above and below it, gravels occurring at the base of the same 
might be full of oil and gas under good pressure, 

If we assume the dip southward of 38.4 feet per mile found above, 
the Berea Grit will be as high as the rock surface of Killmaster at a 
point about 8.6 miles north of Killmaster and should be at an equal 
elevation along the line of strike, that is, a northeast-southweBt line* 
through this point. It is worth noting that Mr. Leverett has not found 
the white sandstones, such as the Berea and Marshall are, north of a 
point two miles sooth of Lincoln, though red sandstones resembling the 
Potsdam sandstone occur all over the county. Wells along this line 
would be desirable to teat the'possibilities of oil and gas in this way. 

It must be remembered that the chance of striking moderate quan- 
tities of oil or gaa enough to supply a tew houses are very much more 
than those of striking very large quantities, such as would warrant 
starting a new town, so that in planning such wells they should be 
placed where they would be of use. 

(c) In the third place, it is possible that there might be cracks in the 
earth's crust made by earthquakes, or otherwise extending down 
into lower reservoirs of oil or gas and allowing them to work toward 
the surface. 

This is a very popular theory of the origin of oil and gas in springs 
and has caused many thousands of dollars to be thrown away in expora- 
tions. There are no indications of such faults and fissures, however. 
The gas springs around Killmaster are not in a line. The strata of 
Lower Michigan are not usually much disturbed, and even if they were, 
a leaky reservoir is no sign of great and valuable accumulations. 

(d) A certain amount of illuminating gas, marsh gas, is often gener- 
ated in swamps directly from the decay of recent vegetable matter, and 
is of no economic importance. 
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Attention was called to the possibilitieB of t:as in the county by a 
number of eprings, which either yield iiiflammal)le gas continuously or 
when stirred with a pole. The following notes on them are compiled 
from notes by Mr. Leverett and myself. 

Near the center of Sec, 20, T, 26 N., H. 8 E., there is a boiling spring 
on the land of the Gustin Land Company which has such a large amount 
of gas that it led to the Killmaster borings. The gas will blaze two or 
three feet high when lighted as it issues from the water, without being 
confined in a pipe. It is at least 10 feet below the level of Killmaster 
well No. 1, and the temperature of 44° F. one bitter, freezing cold day 
in November is close to the probable mean annual air temperature, and 
may indicate that the water comes from some depth. The water is 
hard and has a little chlorine,' bnt not enough salts to affect its gravity. 

In Sec. 14 of the same township there is a gas spring on B. Anger's 
land in the north part of the section and on Mr. Ounther's land in the 
west part. 

In Sec. 32 of the same township there is a gas spring on land of the 
H, M. Loud Company. In Sec. 34 there is one on the land of Simpson & 
Henry. In Sec. 15, T. 25 N., R. 8 E., that is the township south, there 
are two gaa springs on the land of Ambrose Thompson. Aside from the 
above noted springs, there are said to be numerous places along the 
east branch of Pine river where gas bubbles up in the bed of the stream. 

Mr. Killmaster baa also noticed oil in the well of Angus Cameron, 
Sec. 12, T. 28 N., R. 5 E. 

The next place we might expect gas or oil is in the sandstones, and 
particularly the Berea Grit. They would tend to accumulate in larger 
quantity here: 

(a) Where there is an upward bend or anticlinal in the bed. Of a 
complete anticlinal or dome there is no evidence. In fact, as we have 
seen, the indication is of a fairly steady dip to the southwest. 

But in a basin like that which is formed by the rock beds of Michigan 
there are liable to be flutings around the side, folds pitching toward the 
center of the basin. In snch case the strike would veer now to one side 
and now to the other of its mean course. Now the fishermen bring up 
on their nets about 7 miles off Harrisvilie, in about 14 fathoms of water, 
fragments of peculiarly-honeycombed limestone, over the reef, similar to 
that described by Bell.* If this limestone reef is a real outcrop of bed 
rock, which is by no means certain, it would probably represent the lime- 
stone at the top of the Traverse formation. But in that case the strike from 
ihe reef to Partridge Point In Thunder bay would be north of northwest. 

Again we may see, comparing the Killmaster and Oscoda walls, that 
if the dip is no greater than that farther north the strike must be con- 
siderably to west of northwest. Thus it is possible that there may be 
such flutings. In order to find them out, however, it would be needful 
to have more wells, put down to some recognizable stratum and 
arranged in a northwest to southeast line, so as to find out accurately 
the course of the line of strike. Then the points where it is most to the 

U'a Is strong; SOi trace: CI. Ion. Sp. Gr. 1.001? 
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southwest of its mean course will be the tops of bends whicb mar collect 
oil and gas. 

(b) In the second place tbe gas and oil might collect in the upper 
parts of the oil and gas-bearing beds where they were orerlain by clay. 
This is also illustrated in the section of Plate II, as well as in the sketcU 
on p. 71. 

In this case we have practically one-half of the anticlinal, the rest 
being cut nway, and its place taken and the escape of gas prevented by 
the clay. The best places to teat this would be the same as those to test 
previous possibilities, — a belt parallel to the strike and about where 
the Berea Grit will lie directly under the surface materials. Just where 
that will be cannot be told, for we do not know how deep it is to bed 
rock; but if we suppose tbe elevation of the extreme limits of the Berea 
Grit to be between that at Killmaster and that of the exposures and 
wells north, the Berea Grit will extend to somewhere between Harris- 
ville and Sturgeon Point, extending thence northeast and reaching as 
far as a point about eight miles north of Killmaster. And near this 
line explorations will be not only cheapest, for the depth will be com- 
paratively slight, but moat likely to be fruitful. 

Drilling may well be on low ground at first, and valuable flowing 
wells may very likely be obtained, though of course any flows of water 
would have to be shut oil temporarily In testing for flows of oil or gas. 

(c) The Berea Grit is rather an uncertain element, sometimes present 
and sometimes not, and if areas where it is present aud porous are 
isolated by erosion with a covering of shale and clays, or merely pass 
by tranaition into shalier and less porous beds, it is possible that the 
more porous parts might become reservoirs for gas aud oil. For 
instance, the Berea Grit around Killmaster seems to have been much 
more porous than at Oscoda. 

Areas of this kind might, of course, occur anywhere the Berea Grit 
occurred; that is, anywhere except in the northeast corner of the county. 
Here, as the new railroad cuts, for instance, of the "Stone Bidge" on 
8ec. S5, T. 28 X., B. 9 E., eliow by the abundance of slabs of black shale 
and total absence of the Berea Grit, the underlying rock is the Antrim 
black shale of the Devouian, 

I would suggest aa appropriate places for test wells for oil or gas, 
Harrisville very particularly; some point iu the Black river valley near 
the south line of T. 27 X., R. !) E,; the neighborhood of Lincoln; the 
valley of Sucker creek, and the eastern shore of Hubbard lake. 

If bed rock surface was found unusually high, and the backward 
curve in the moraines which indicate the ice margiu suggest the possi- 
bility of such a thing, it might be worth while to explore farther north. 
But a few welis in the regions suggested, not over 300 feet deep probably, 
would be very instructive. In particular would I recommend the sink- 
ing of a well at Harrisville, not only to see what tlie oil and gas prospects 
were, but also with a city water supply in view. It will not be safe to 
use water from Lake Huron and let sewage go into it also. 

Salt. — There are two sources of salt manufacture, natural brine, and 
rock salt, which is dissolved by pumping down upon. The disadvantage of 
brine is that it is liable not to be so strong, and to contain so much 
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earthy chlorides (Ca, Mgj CI,, that ii lar(^ amount of the bittern must 
be thrown away. On the other hand, ibe B«rea Grit is generally remark- 
ably free from calcium sulphates and not likely to cake, and at 550 feet 
and lower in Huron county, at White Kock, Port Huron, Port Auatin, 
etc., proved a satisfactory brine and made remarkably pure salt. The 
sample from Killniaster is not as strong as could be wished, but may 
have been diluted somewhat with rain water. No doubt south of Kill- 
master it would be stronger, and if Hn^ Berea Orit were porous enough 
to yield the brine freely would be vitv satisfactory for salt manufacture. 

The brines of the Dundee are too .strong of sulphur and other salts 
than sodic chloride to be good for making salt. But the rock salt at 
Alpena ought not to be more than about 1750 feet deep at Black river, 
about the depth it is along the Rt, Clair river. Moreover, if from the 
salt one wished to make soda — a great and growing industry of the 
State — limestone, which is the othiT' < hiof raw material, can easily be 
obtained by rail or boat from Alpena > mmty. 

As the section shows, the rock salt would soon be quite deep as one 
went south, and to test for rock salt nt Black river or north, one should 
plan for a well 2000 feet deep. 

Wfiier avd mineral wat(r. — The eoitnty is well watered at present, yet 
some of the best farming lands are the lands originally marked as swamp 
lands. These often turn out to be fjiirly heavy clay lands, as aronnd 
Custin and the lower valley of the I'ine. liere deep wells will first be 
n*ded. 

The well water is hard and the siieam water is not very soft. The 
character of the Killmaster water linw bopn already deeeribed. 

The drift is thick and usually anijili' supplies of water for domestic 
use will be encountered in it. Waier from bed rock will usually be 
scarce or slightly brackish, except perhaps in the southwest corner of 
the county, where wells into rock may strike the Marshall sandstones 
and find plenty of good water. 

The slightly saline waters have a sliinijl;iiiiig effect on the kidneys, 
and waters of the same general \y\n- ;is ilmsr first struck at Killmaster 
aud Oscoda when well advertised, as tlic Aiiullinaris or Attapah, often 
have considerable repute. It would In' puMsible to obtain strong saline 
and sulphureted waters, such as are widely exploited for bathing in the 
southeastern part of the State. 

Peat. — There have been a number of iiiqiiiiies regarding pent iu my office 
lately. This is now compressed and ii};ii)iir;ic|i[red into blocks for fuel 
in Ontario. It has been used for innspi \ ji^H-ldng, and is the soil for 
celery, mint, cranberries, etc. Th'n' «»■[.■ |;iit:c areas of swamp orig- 
inally in the county, but many of tlir-. lunr ilcared up into good land 
aud the depth of the peat was not fiii-at. 

One area not yet touched, however, extends from just north of Alcona 
in Sec. '1, T. 27 N., R. 9 E., and follow :s ilie Black river to the junction of 
the two branches and up the other uiic. Here are extensive areas of 
cranberry bog and tamarack swamp with some sand ridges, which are 
convenient to the railroad. I do not tliiiik the peat is very thick, but do 
not know, and it would be convenieiii to develop. 

Rumors of coal and Jead. — Rumom of the existence of coal in the county 
may be ascribed to the boulders of bituiuiuous black shale, which will burn 
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pretty T^-ell. In fact iu Scmiand a similar stuile is distilled for the oil in it. 
It has. however, no conimeroial value. Frajiuieiita of this bituminous shale 
are abundant thronghout the county in the coarser deposits. About a 
mile north of Alcona the railroad mak'-a a cut which exposes great 
boulders of shale. 

There are also reports of the discovi-ry of lead in the county, but I 
was not able to find, either in the hands of anyone or in the drift, any 
lead ore. 

The fleherinen off Sturgeon Point are s;iid to have brought up lead on 
their nets and used it in marking barrels, Mr. Perley Silverthorne is 
said to have done so. Native lead is hardly ever found and the ordinary 
lead ores cannot well be used for marking, bo that I am tempted to 
believe that it was some substance like bhick lead, perhaps a black clay, 
which was thus found. 

The Indians are also said to have found lead up the Au Sable river. 
An investigation of similar rumors in Huron county led me to imagine 
that they might have sprung from the Indians claiming to have found 
lead for bullets, for the honest possession of which they could not other- 
wise account. When later plied with iii]uor that they might divulge 
the secret in their cups, they found the jirocess so agreeable that they 
kept up the illusion. But no amount ot liquor could ever reveal the 
secret, for the simple reason that there was none to reveal. 
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In the summer of 1900 Mr. A. W, Grabau, then of the Massachusetts 
Institute of Technology but now of Columbia University, an accom- 
plished paleontolof^ist, whose '"Scientific Guide to Niagara," issued by 
the New York State Survey, must make his name widely known, visited 
Alpena for ua. My object in sending him was in particular to study 
and call attention to the high-grade limestones of that region. The 
account of his field work, in which he was asBiBted by W. F. Cooper, 
arrived too late for inclusion in my last annual report and was printed 
in the American Geologist. 

Last summer he spent another month on his way back from the sum- 
mer school of Columbia University in the Upper Peninsula. Some sam- 
ples collected by him were very thoroughly analyzed by W. E, Brady 
of the Illinois Steel Co., and we have also a suite of analyses of the 
Bolton quarry, for which we have to thank Mr. M, J. GrifBn. 

The results of his studies will be found elsewhere incorporated in a 
preliminary study of the economic value of the limestones of the State. 

Although Alpena county is very interesting in more respects than one, 
we can hardly prepare an elaborate report uutil we have a better topo- 
graphic base. It is, however, one of the best places in the State to collect 
fossils, and a guide illustrating them for popular and school use should 
be prepared, A good detailed county report would, however, be worth 
all it would cost if the topographic base were ready. 



KENT COUNTY. 

As stated in my last annual report, I seized the opportunity offered 
by Mr. Nellist's interest to arrange for contour map of Kent county, 
which would be of immediate service and could later serve as a base 
for a detailed county report. Unfortunately, I have not had funds to 
pay him enough to justify his devoting his whole time to it. The map 
is, however, practically complete as to field work and will, I hope, be 
ready for publication with this report. In the meantime his notes 
have been of service to Mr. Frank. Leverett of the United States Geolog- 
ical Survey, who has been making studies of the surface geology. Miss 
Emma J. Cole of the high school has recently published an elaborate 
list of the plants near Grand Rapids, and Dr. Burton E. Livingston of the 
Hull Botanical Laboratory of the University of Chicago, baaing his 
studies upon the work of Nelliet, Leverett and Cole, has prepared 
the appended very interesting study and map of the plant societies of the 
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county, a study of the connection of the botanical distribution with the 
soils and surface geology.* It is valuable in itself, for it is practically a 
map of the soils of the county, but it is even more valuable as an excur- 
sion into a field- lying between geology and botany, agriculture and 
forestry, and showing the problems which should be studied and solved 
by judicious cooperation. 

Of great importance, if verified, to forestry is his suggestion that it is 
chiefly the capacity of the soil to retain moisture that determines the 
distribution of the different soeielies of ti-ees upon the uplands, and that 
in this respect humus accumulated by dead leaves, etc., may replace clay, 
so that little by little even ui>on a light sandy soil, the jack pine may be 
replaced by the white pine, and that in turn by the maple and beech. 

It will however be essential to study not only the surface distribution of 
the sand and clay, but also, as has been suggested, the depth of the same. 



* Thla deparCmeot bas beta quite BcllTe inXei 
folk. Sh the ret«r«Doea vblch Dr. LlTlD)[Bton 
DeBor, puWUhed In the yolume ot OeffMHtith 
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THE DISTISIBUTION OF THE PLANT SOCIETIES OF KENT 
COUNTY, MICHIGAN. 



IIURTON EI>WA.R1> LIVINGSTON'. 



INTBODUCTIOX. 

1. ,1 yew Fkhl for Kcucarch. — It is a matter of common knowledge 
that tlie vegetation of any extensive area is made up of a greater or Icbb 
iiumber of plant species mingled and growing together. It is also gen- 
erally known that these ditl'erent sjiecies naturally fall into a number 
of somewhat distinct groups, giving to certain tracts of country an 
entirely different aspect from that of other tracts nearby. One who 
lias traveled about the Southern Peninsula of Michigan can hardly 
have failed to notic*, for instance, the differing vegetations of the pine 
plains, the oak forest, aud the beech and maple forest. There Ib hardly 
a single plant found common to the first and last of these groups. They 
'are as distinct as would be so many human commonwealths composed 
of different races of people. It is with the study of such plant groups 
that the present paiH;r has to deal. 

In some instances the study of these groups of plant forma has been 
undertaken by geologists, and their part in the work has been marked 
by the frequent use of the geological term formation to designate the 
groups. The word is still in use by many students of the subject, espe- 
cially with i-eferencc to the larger and more comprehensive complexes. 
Among botanists the term plant society to mean the same thing has been 
suggested and quite largely used within the past few years. It seems 
somewhat more appropriate than the other word, on this account, at 
least, that it implies the idea of an organism »nd organic unity rather 
than that of a unity of mere juxtaposition in time and space. The latter 
word will be used throughout this paper. 

A plant society, then, is a group of several or many 8i)ecies growing 
togelher over some more or less extensive area, and charaoteri»ed by an 
apparent congeniality and community of interest, such that all thrive 
under the same general conditions. Since for any large area the ground 
will be occupied, not by a single society but by several, which will 
alternate with each other in some irregular manner, the next logical 
step after the determining of the societies themselves, will be to attempt 
the formulation of whatever principles may underly their arrangement 
or distribution over the surface of the region. How far success or 
failure has attended the attempt here made to determine some of the 
principles which underlie the distribution of the plant societies of Kent 
county, can be judged better at a later day, but it is hoped that this 
pa]>er may stimulate and aid the prosecution of similar studies in related 
i-egiouB. Another more special reason for this research is this, that if 
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llii' llni'ii lit IhrsL' Tiiore tliickl.v setlltnl roiiuties is ever to Iip siiijied ami 
riTorded, tliis worlc mu8t be doue soon; the present vestiges of the 
fiiiiiii'r priiiieviil Horn Jii-e fiist diHjipi>ejii-iiijt, 

I'Uinl ilistrihiition him heeii a coitimoii eiiliject for disirnssion among 
holiiiiical authors for over a eeuliirv. bitt (asidi; from the discovery of u 
few broad clinmtio fmtors which swiii to dricrmiiie the distribation of 
great vegetation tv)R-s over world areasi little of a definite and satis- 
factory charai-ter Imx bci/ri atliiinod. Tliis in piThaps in great part dut 
to the fait tliiit k/htUk iuid not xiu-ktU-n have usually been studied, thns 
ransiug gciiciitl iirimipteia to be lost sight of in a mass of detail whose 
organization jmivcd uill-nigh impossible. It may also lie due, in part, 
to the broinl ;irr;is ilinsen ifor iiivesiipntion, and the hasty and snper- 
flciiil stndy whirli of necessity resulted. Perhaps this general birds-eye 
viewing had to be done to prepare the way for more exact work, but it 
seems that enough of it baa now iH-en accODiplished. What is needed 
now, if there \^ to Ik- formed even an acceptable working hyitothesis of 
the principles of plant distribnttou. is the careful and exhaustive study 
of areas of limite<l extent. Onve having these studies at hand, com- 
parisons iK'tween ihe different areas may be instituted, and thus, per- 
haps, some sort of a univei'Se may be forthcoming from the present 
chaos. 

2. LHcnititre. — Ou account of the com}>arative newness of what may 
be termed the awieUj mithotl of stud.v, as contrasted with the older 
si»ecie8 method, tliere is very little literature which can have any bear- 
ing on the present work. By far the most valuable paper which has 
come lo my notice is that by I>r. T. C. Cbamherlin,' of the TTniversity of 
("'liicjino, on ihi- nalivi.' vcKftiilion of eastern Wisconsin. But the devel. 
• i]iiiii'ni iif \h'- siicicty iin-ilnnl "f study for limited areas has, so far. 
li'-cii iilriLosi cMlirety diir lo ihi' work of Dr. U. C. Towles and his sru- 
dcDts. Ill his recently published account of the plant societies of the 
Chicago area' Dr. Cowles has given an excellent review of the most 
important articles upon the general subject of plant societies. It will 
therefore be unnecessary to enumerate them here, espcially since they 
have no direct bearing upon the llora of the region here studied. In this 
pap'T llie author makes an attempt to classify the plant societies of the 
riiicjti,"! area according to the physiographic stage of the land which 
Ihey occupy. For instance, the life history of the flora of a typical ravine 
in a clay moraine is here traced out in some detail, from its beginning as 
a small gully in the hillside, through all the physiographic changes 
accompanying the progress of erosion, to its temporary culmination in 
a broad flood plain. The thesis of the article is briefly this: that as the 
physiography of the land surface changes, so must the vegetation cloth- 
ing it change also. Other papers having a very close bearing upon the 
historical aspects of our problem are another one by Or. Cowles.' and the 
still more recent one by Mr. H. X. Whitford.* The bearing of these 
papers npon the conclusions here brought out will be introduced in 
connection with the development of the present work. 

1. T. C. : Native Vpgslatlon ol WJscouaia. Oeolosy o( Eastera \ 



lickgo and vlclnLtT 



_jl-7U. 1901. 
cblE*D. Science 19; 708. K*. ItM. 
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3. Kent County, its Climatology. — Kent county is so situated that it 
is traversed both by the southern boundary of the pine forest region 
and the eastern boundary of the so-called Michigan peach belt. It is 
also crossed by the Grand river valley, the line of one of the great main 
channels by which the melting ice of the glacial period reached the 
Mississippi system and the Gulf, and also the line marking the farthest 
northern extension within (he peninsula of many typically southern 
plants. The county embraces a rectangular tract of land 24 miles by 36 
miles in extent. Its western boundary is a meridian averaging about 
28 miles east of Lake Michigan at its widest part. The lacustrine influ- 
ence upon the climate is probably felt throughout the county. Owing 
to the comparatively small extent of area, differences in climate between 
its different parts could hardly be pronounced enough to cause any 
marked difference in its vegetation. Also on account of the great "dis- 
tance apart of the stations for meteorological observations, if there 
were lesser differences between the climates of different portions of the 
county, such would not be brought out by any records which have been 
made. Therefore a study of these meteorological data will give no 
clue to the principles underlying plant distribution within our area. 
The following tables are given here, not that they may be of any use in 
the present report, but that they may be on hand when this area is to 
be compared with another. They give the data by months for such 
stations as lie within or near the county: 



AVERAGE TEMPERATURE BY MONTHS FOR THE KENT COUNTY REGION.*— DATA ARE 

IN DEGREES FAHRENHEn. 





Jan. 


Feb. 


Mar. 


Apr. 


May. 

5.'>.9 
54.9 
55.2 
53.7 

59 
55.6 
57.7 


June. 

65.9 
65.6 
65.5 
64.4 
68.2 
68.2 


July. 


Aug. 


Sept. 


Oct. 


Nov. 


Dec. 


White Cloud 




44.6 



44.7 

43.6 

46.0 

47.2 

46.0 
47.7 


72.0 
«».7 
69.8 
68.8 
72.0 
72.3 


67.8 
65.8 
67.9 
67.0 
69.4 
69.2 
69.3 
68.7 
69.3 


61.0 
60.5 
62.1 
60.9 
61.2 
62.3 
61.6 
61.6 
63.1 


51.6 
47.0 
49.9 
49.6 
50.8 
49.0 
49.4 
49.4 
49.1 


39.4 
33.9 
36.9 
37.1 
37.4 
37.4 
37.0 
37.4 
37.5 


27.5 


SteDton 

MiMk^irnn^ ^ ^ 


23.6 
24.2 
24.2 


22.6 
21.7 
26.0 


25.0 
30.2 
30.6 
32.0 
31.2 
31.8 
31 6 
33.8 


19.3 
28.2 


GiEnd HAven 


26.4 


Ionia 


26.1 


Grand RanidB 


24.8 


24.9 
21.2 
25.0 
24.2 


30.9 


Waverly 


27.1 


Haiitlnm..T 1 1 . t ..... r 


23.4 
23.7 


67.7 
68.6 


71.2 
72.2 


29.6 


AllAMLn...^. ,,-,,,.., 


30.2 











s These tables are compiled from the reports of the Michigan section of the U. S. climate and crop 
service. 
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'—DATA AR£^ 



[JID. 


F«l..]M«r. 


Apt. 


^. 


,„. 


JBI). 


*™. 


Sept 


Oct. 


Nov. 


Dm. 






1 


?l<li 






1«1 


1 TT 


1*9 






















■?IT 




Hnikegan 


4.36 


,» 


i.g& : i.ra 


S.M 


l.W 


a,M 


130 


3.K 




:.w 




Gnnd Haven 


■i.ee 




i.3» 2.a 


3.tS 


3K 


2.n 


3.(n 


3.H 


s.« 


2.«9 


2.66 








'l.K 


















GniDdlUphl* 


2.K 


2.JCI 




33i 


4.» 


2.ffi 


2.66 


3.12 


2.S1 


3.IS 


s.w 




















a.13 








"im 


"in 




, 














Alleg»n 


Z.*2 


a.E 


■ Z-S6 


.,«, 


2.67 


>.^ 


2,33 




.-« 


..^ 


2.S8 



4. Ocology of the Count!/. — Tbo bed rock of tiie area is almost entireiv 
covered to a great depth bj glacial drift, only a few small outcrops being 
found within its limits. A small portion at the nortlieust angle is under- 
lain by tlitf Jackson coal-bearing strata, a correspondingly small area 
in tlie extreme southwest is underlain by the Marshall sandstone, and all 
the intervening drift rests upon the formations of the Urand Rapids 
group.* The drift is so deep throughout the county that the underlying 
rock layers have apparently no influence upon the vegetation. 

The drift itself presents some very interesting features' and, since 
these have an important hearing on the problem of vegetational distri- 
bution which confront us, it will be necessary to describe them in some 
detail." The land consists, in general, of two great blocks of till upland 
lying on either side of a much lower gravel and sand plain of varying 
width, which extcuds in an irre^fuhir line from about the middle of the 
noithern boundary (wee mnp, IMate III) southward through Cedar 
springs, Rockford, I'lainfield, Urand liapids, Fisher, Carlisle and Ross, 
and cutting the southern boundary about three miles east of the 
southwest angle of the county. This plain traces the path of the out- 
flowing water as the iMichigau ice sheet retreated northward at the end 
of the last glacial epoch. An indentation or embayment in the southern 
ice margin duriug this retreat marked the junction of the two lobes of 
the glacier, the eastern lobe comiug from the region of Saginaw bay, 
the western from that of Lake Michigan. It was naturally into this 
embayment that much of the water was dischargwl during the melting 
jirocess, and the line of sandy plains just traced marks, from Carlisle 
northward, the path of this gradually retreating notch in the edge of the 
ice. Soiitiiward of Carlisle the Oreen lake siind and gmvel plain (in 
Allegan and Barry counties) originated in the same way. 



'Tbeieuilileaareoomiilledfrom tbe reiwrts uf tbu HivhtpiD section of 
• SeeVieoleelCBl .Map ot Ixiwer Mlcbl^n. compileil by A. ('. Lane, Mich. < 
' Far aid in lalerpreting tbe glacial topography I am lndebt<!d to M 

v. S. Geological Survey. 

» A brief degcrlptlon o( Ibpsc teatiirea, by Dr. A. C. I.anp, w 

Mlea K. J. Ok-R tjrand Itnpldg Dora. Urand Unplds. 1001. 



ci to Mr. Frank LeTerctt. of tb« 
II be found Id the Introduction lo 
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Three well marked terminal moraines lie partly within this area. 
The one earliest formed mei-elv l)end8 across the southern houndarv, 
lying south of a line drawn from Ross to a point about two miles easf 
of Carlisle, and thence out of the county in a southeasterly direction to 
Middleville and Hastings (Barry county). When this material was 
deiK)8ited, the embayment between the two glachil lobes had its head 
north of Green lake (Allegan county), and its outflowing water found 
its immediate outlet southward. It formed by its out wash .the great 
triangular plain — which I have designated by the name Green lake — 
bounded on the north by a line drawn from Green lake to Irving (Barry 
county), and on the west by one from Green lake to Bradley (Allegan 
county). This plain and its margins being the only regions studied 
south of the Kent county line, it was thought unnecessary to include it 
on the map. The highest point of the moraine just mentioned is just 
east of Corinth. This is the junction point of the two moraines formed 
fi'om the Haginaw lobe on the east and the Michigan lobe on the west. 
Thus the high land lying to the east of a line joining Green lake and 
(.\)rinth is composed of materials from the region of Lake Huron and 
farther north, while that to the west is composed of drift from the Lake 
Michigan and Lake Superior region. 

The second moraine passes through the middle of the county. Its 
southern edge is marked by the Grand river valley, its eastward termina- 
tion being tlie margin of the plain of Flat river. The escaping water, at 
the time of its formation, found its way out to Lake Michigan apparently 
by two channels, one being the present valley of the Grand from Grand 
Ra])ids westward, the other extending directly southward to Ross, where 
it also began to bend toward Lake Michigan. The highest point, mark- 
ing the junction of the two lobes, lies north of IMainfield. 

The northernmost moraine has its highest point northeast of Cedar 
Springs. The sand plain formed by the outwash here extends from a 
point about three miles north of Cedar Springs south through Edgerton to 
Rockford. Its width north of Edgerton is from four to five miles, but 
near this village it begins to narrow rapidly and is joined by the Rouge 
valley. South of here the outflow of water cut a deej) channel about 
one-half mile wide through the last moraine described, from a point 
about a mile and one-half north of Rockford to Childsdale. There the 
glacial stream entered the plain of the previous outwash. Following 
the old line of flow it cut a new channel in the already existing plain. 
Where the old plain divides, south of Grand Rapids, the newer channel 
is found to do the same. One of the branches follows the present Grand, 
being, of course, much wider than the flood plain of that stream and 
extending from the moraine margin about two miles farther to the 
southeast than the line of the Holland division of the Pere Marquette 
railroad. This railroad roughly traces the marginal line of the present 
flood plain. The other channel extends from the point where the Mich- 
igan Central railroad leaves the Grand Rapids & Indiana railroad, south- 
ward to Ross, thence southwest to Lake Michigan. 

Besides the plains just described, there are very pronounced though 
narrower sand-gravel plains forming the valleys of the Rouge and 
Thornapple rivers, and a broader one through which the Flat river 
meanders. 

Most of the surface soil throughout the country is predominantly 
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»nudv. There is bo much sand in the till that almost every creek valley 
in a miniature sand-gravel plain. Especially is this true of Plaster 
creek, southeast of Uraiid Unpids, and of the larger creeks in the north- 
ern portion of the county. In classifying soils and designating tliem on 
the map, do attempt has been made to distinguish the difterent grada- 
tions between clay and sand. AU'which could not be termed either clay 
or sand have been bunched top^ther as loam, — in the broadest sense of 
that word, — ^and deuot<*d on the map by dots. More accurate records 
were made, but it was found that these minor dilTcrences of soil bore 
no apimrent relation to the nature of the societies recorded, and it was 
thought best not to encumber the map with unne<-es8ary details. Clay 
is denoted on the map by horiKontat lineu, sand by an absence of any 
marking. It will be noticed that moraine and till jdain margins are not 
always the boundary lines of soil areas. This is explained by the fact 
that the sandy soil almost invariably borders and faces whatever escarp- 
ment there may be along a moraine or till plain edtp>; indeed, it often 
extends back from the edge for several mil(« on the higher level. This 
is true for even slight depressions. .Anyone who has ridden a bicycle 
through Michigan must have notict^ that where the road is on a higher 
level it may 1* hard clay, but where it descends to cross a creek the 
slopes and bottom of the valley are usually sandy. This illnstrates the 
fact just stated. The process of erosion by which this condition of 
things is brought about is going on rapidly at present; the creek valleys 
are becoming more sandy rather than less so. On account of their Htnnll 
area, no attempt has been made to map these sand and gravel deposits. 
They are to be understood as existing along most of the creeks and 
about manv of the lakes. 



The studies here rejiorted were begun at the suggestion of the State 
(leologist, llr. A. O. Ijine, in the autumn of 19(H», and were completed 
in the summer of 1!)()1. The author's previous botanical study in the 
vicinity of Grand Rapids, although not made definitely for this purjwse, 
has been ctf value in the pi-esent work. 

Owing to the large proportion of cultivated land in the county, and the 
correHl)ondingly small proportion which is in an ajtproximately natural 
state, a study of the natural plant societies is necessarily a difBcult 
one. In the middle of a section, and hence farthest away from the roads, 
is usually quite a sttvtch of wooded land, and throughout much of the 
county these wood lots at the rear of the farms have been the field of 
observation. From these areas, taken here and there. — samples of the 
original vegetation, as it were.— an attemjit has been nuide to recon- 
struct, as accurately as i>ossible, the jdant societies which occupiinl the 
region at the time of settlement. The effects of pasturing in these wood 
lots have Iktu allowed for as far as ]>ossibte. Information has been gath- 
ered from local residents as to the nature of the forest which was 
removed in making certain fields ready for the plow, and has been of 
great service in some instances. 

The vegetation of the ai-ea falls naturally into two groups, that grow- 
ing on what is commonly termed dry ground and that found in moist or 
swampy places. Each of these groups can be separated into several 
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societies, which often merge gradually into one another so that in some 
localities it appears that we have a mixture of several of them'. But 
in general the division is sufficiently well marked. In the following 
discussion the two primary groups will be taken up separately. 

THE UPLAND SOCIETIES. 

1. Thr Societies Characterized. — The range of altitude over the whole 
county is less than 400 feet, so that absolute altitude itself, with its 
concomitant variations in climatic conditions, is not a factor in the dis- 
Iribution of the flora. Diffei^ences in relative level, however, produce 
marked variations in the drainage, and hence in the water content of the 
soils. This is an important factor in plant distribution. 

The vegetation of the upland falls into five societies, which may be 
characterized as follows: 

/. Beech-maple Society, comprising as predominant and characteristic 
the following plants: Beech, sugar maple, enchanter's nightshade 
((Mrca^a). wild licorice ((lalium lanceolatuni), wood nettle (Laportea), 
catnip (Xepeta), pokeweed (Phytolacca), richweed (Pilea), nightshade 
(Solanum nigrum), and red-berried elder. 

//. The Maple-elm agrimony Society, comprising: sugar maple, Ameri- 
can and rock elms, agrimony, spikenard (Aralia racemosa), honewort 
(C^ryptota^nia), spice-bush (Lindera), moonseed (Menispermum), black 
snake-root (Sanicula), and wild black cherry. 

///. The Oak-hicicory Society, comprising: white and I'ed oak (Quer- 
(KH ruhra-coccinea), shag-lKirk and pig-nut hickory, false Solomon's seal 
(Smilacina racemosa), northern bedstraw (Galium boreale), Aster Isevis, 
and panicled cornel. This society is much the same as the following, 
but with the additi(m of the two hickories. It also has many plants in 
ccmimon with the previous society, and may be regai:ded as an inter- 
mediate tyi>e between II and IV, both of which are much more distinct. 
Owing to the difficulty of distinguishing sharply between Quercus 
rorcinea and Q. rubra, these two forms have been brought together under 
llie name Q. rubra-corcinea. 

I\\ The Oak-hazel Society, comprising: the white and red oaks, Aster 
hevis, A. macrophyllus, Xew Jersey tea, hazel, spurge (Euphorbia), 
Helianthus occidentalis, Holidago cassia, and hoary i)ea (Tei>hrosia). 
The spurge found in this society is the broad-leaved form. In the fol- 
lowing society this i)lant is just as common and characteristic as here 
but there it has much narrower leaves. The individuals of the broad- 
leaved form appear stronger, grec^ner, and more robust than the others. 

y. The Oak-pine-saHsafraH Society, comprising the white and i'ed oaks, 
white pine, sassafras, plantain-leaved everlasting (Antennaria), worm- 
wood (Artemisia), sand bur, spurge (narrow-leaved form), huckleberry 
Kxaylussacia), lupine, sweet fern, braken, and Holidago nemoralis. 
This includes the dryest and most o^ien form of "oak openings'' 
together with the country which was once quite well covered with jiine. 
They are put together here, because aside from the now partially extinct 
white pine the floras are jiractically the same. 

To one who knows the woods it will be apparent that in these five 
societies we have a gradation from the close, compact formation of the 
beech and maple forest, where the sunshine s(*ldom reaches the ground, 
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to tbe very open and sunny oak openings and pine plains. It would 
natariflly be BiippoBed that the denser gocietiea are living under more 
favorable conditions for growtli than the more open. This, indeed, we 
shall And to be the case. 

A more extensive list of plants is fjiveu in the following table, wliich 
shows almost graphically the distribution of the enumerated plants 
throughout the five societies. The nomenclature is that of the sixth 
edition of Gray's Manual.* Tlie Roman numerals heading the live col- 
umns at the right of the names indicate the societies by number, the 
same method of indication being also adopted on the accompanying map. 
The letters opjtosite the plant names show in what societies the plant 
occurs, the relative abundance in that society being denoted by the letter 
itself. C denotes common; F, freipient. and R, rare. An asterisli accom- 
panying the letter expresses the fact that the plant is one of those to l>e 
regardeil as characteristic of that society. Our lai-c has not tlie meaiiint; 
given the word by the systematist; plants which he would consider rare 
are not sufficiently abundant to be considered at all in such a list as the 
present. 

A very complete list of the I'leridopliytea and Siiennatojthytes of Cirand 
Rapids and vicinity has been recently published liy Miss Cole." 

T.IBLE OK TIIK ITLANO PLANT SOCIETIBS. 
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TABLK OF THE UPLAND PLANT SOCIETIES— Continued. 



SPECIES. 



Cbimaphila umbellata 

Circasa Lutettana 

Comus alternif olia 

ComuB florida 

CoryluB Americana 

Cryptotfun ia Canadensis 

Cynoglossuin Virginicum 

DiervUIa tritlda 

Dracocephalum parviflonim . 
Echinospermnm Virginicum. 

£pigaf>4i repens 

Epiphegiis Virginiana 

Euphorbia coroUataa 

Fagus femiginea 

Galium boreale 

Galium circaezans 

Galium lanceolatum 

Gaultheria procumbens 

Gay lussacia resinosa 

Gerardia quercifolia 

Geum album 

Hedeoma pulegioides 

Helianthus divaricatus 

llelianthus occidentalis 

Hepatica acutiloba 

Hepatica triloba 

Hieracium scabrum 

Jnglans cinerea 

Juglans nigra 

Laportea Canadensis 

Lechea minor 

Lespedeza polystacbya 

Lespedexa Stuvel Intermedia. 

Liatris cylindracea 

Liatris scarlosa 

Lindera Benzoin 

Lobelia inflata 

LupinuB perennis 

Medeola Virginiana 

Melampyrum Americanum . . 



COMMON NAME. 



I. 



IL 



Prince's pine 

Enchanter's nightshade 
Alternate leaved cornel 

Flowering dogwood 

Hazel 

Honewort 

Hoand*8-tongue 

Bush honeysuckle 

Dragonhead 

Beggars lice 

Trailing arbutus 

Beech drops 

Spurge , 

American beech 

Northern bedstiaw 

Wild licorice 



C* i R 



F* 



C 




R 



F* 
C* 



R 



C* 



C« 



tt 



ti 



Wintergreen 

Black huckleberry 

Smooth taXae foxglove. 

Avens 

American pennyroyal.. 






R 
F 

R 
R 



F* 



C* 



Sunflower 




R 


t* 




1 


Liverleaf 


r 


1 

C* 



llawkweed 

Butternut ' F 



Blac^k walnut < F 

Woodnettle C* F 

j 

Pinweed ■ i 

Bush clover 

II II 

Blazing star 



t( 



Spice bush 

I 

Indian tobacco C* 

Wild lupine j 

Indian cucumber root j F* 

Cow wheat 



C» 
R 



III. 
R 

C 
F 
F 
F 



IV. 



Fii 



C« 



F 
R 



F 
C 
C 
F 
R 
R 



V. 



F» 



C* 



F 



C* 



¥* 



C«ii| C*»» 
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F 



I 



" Broad-lenved form. 
" Narrow-leaved form. 
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TABLE or THE UPLAND PLANT BOCimRS-CtentlniiMl. 



SPECIES. 
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2. Distrihufioii of the I'pliitiil Socklirn. — Tliis i» shown by tlie map 
(IMate lllj. From the diirkeat to the iifthtest of the Hve sluides need a 
gradation is shown Lon-expoiiding to tliat in the societies from 1 to V. 
The sixth and lightest shade denotes deeply-eroded channels <K-oupied 
chiefly by lonland societies. In these ciianueU the areas occupied by 
the different societies arc so limited that any satisfactory representation 
of them on the scale of the present map was deemed impossible. There- 
fore they arc left unshaded. Also the lowland societies along the mur- 
tjins of smaller streams and lakes and in swimips among the hills are 
omitted entirely from the map. The reason for this is in part the same 
as tlie one given for the larger channels, and also in part this, that 
although some of the swamps are large enou(;li to map well on the pres- 
ent scale, yet to trace their margins accurately would require more time 
than it would be worth, and to map them inaci-unitely would not Ih; true 
to the instinct of the work. 

Steep sloi»es where erosion is at present rapid, as along the margins of 
the many stream valleys and along old glacial channels, are occupied by 
societies III, I\' and V. The charaiter of the soil seems t») make no 
ditferem'e here, the drainage being quite comjilele and the accumulation 
of huinns impossible. It lias also been found impracticable to indicate 
-these very narrow areas upon the map. 

In the southern tier of townxhipH, all the heavy clay soil, whether it 
be rolling moraine or level till plain, was originally occupied by the 
beech-maple society (I). In the lighter loamy soils are usually found 
the oak-hickory society till), witli transition zones between it and (I) 
held by the maple-el m-ugriinony society (II). The very sandy loam 
bordering the deep narrow valley of the Tliornapple river and spreading 
eastward from Alaska and Labarge nearly to the Rlmdale till plain, is 
occupied by the oak-hazel and the oak-pi ne-sjist»ifras societies. This 
loam is in many places as sandy as the soil of the Grand river sand plain; 
it might almost have been denot«'d as sand. 

Within Hie '"big bend" of the (Srand river is an area of decidedly 
clayey conntry occupied by the oak-]iine-8assafras society (Vl. although 
here the pine is not at all prominent. It a)»iK>ars as though this area 
were well on the way toward s(M-iety IV at the time of clearing. But the 
marked presence of sassafras, wormwood, sand bur. Rolidago nemoralis 
and other forms of society V, make it impossible to classify it elsewhere. 
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Tin' Granil Rnpjds saud plain (i-eailiiug from Kockforil, tlir-uiigh I'laiu- 
lield and firand Rapids to Grandville and Ross) is geiu'rally covered 
with societies IV and V. The fonndation soil is apjinivutly the same 
throughout, being a gravelly sand, but the arwis of society IV havo 
oudonbtedly moi-)- surface humus, thus (^ivinK tli*- soil a darker fol«r 
and a more loamy texture. Th« higher parts of the plain, and heuoe Tlif 
portions which have been ont of water longest, are geneiaily those lu 
show tills conditioD, The lower portions where violent water actioik 
probably continued after the main stream receded, and where, owini- 
to the sloi)e, erosion is even now well marked, bear little surface humus 
and are characteriKed by society \'. Here, at the lime of elearinfi. the 
pine was usually present. Transition areas lietwi'eu IV and V were 
covered with "oak openings," however. Of course much of these chan 
nel areas is swampy and heni-e thrown out of the present discuBsioii. 

Xoith of firand river it is only in the western column of townships 
that tiie heavy clay is characteristically covered with society I. In 
other portions of the region the cbiy is covered with soeiely III, IV or V. 
It will lie noticed that clay hearinj; the oak-pine-saasiifras society is 
common in the extreme north and becomes less common sontliwtinl. 
Societies III and IV approach each other in character an we pass north- 
ward. The hickories become less frequent and the general asiieet of 111 
becomes more that of IV, It needs to be renuuke<I here also that the 
stretcli of society III reaching from the Kouge river southward and 
lying west of Grand Rapids is m curious mixture of II ami IV. Judging; 
from the trees alone, tlii> smUli.-m pint of it would he )ilaeed in soeiety 
JI, but the presence of New .lersey lea, Kolidago ctesiu, etc., aeeui to 
place it in the oak-hazel group. Ssissafras is present here to a remark 
able extent and in many places, es)H'cially to the north, white pine also. 
The northern part of this stretcb ccmtains much pine. Altogether, the 
area can better be classified under III than elsewhere. In the general 
disrnssion to follow llie ])o»sible rwisons for the iiiixiugVill lie considered. 

In the bit of l)eech-maple society in the exirenn' iiorllnveslern part 
of the county is found the only marked instance uf the preseiii'e of hem- 
lock. This tree belongs typically with the hard wood group in northern 
Michigan. 

In the northern part of the county wliite pine was almost universally 
present in the uplands at the time of settlement. This can be proven 
by stumps which are still in place or have been used in the conetrnetion 
of stump fences. There are pine stumps and a few trees still standing 
even in the beech maple grouj) upon areas north of an east and west 
line drawn through a point about midway between t'edar Springs and 
Rockford. South of Ibis line the pine disajipears in society i and 
becomes very rare in nil but IV and V. 

.■J. Ocnctalizatiniis nil tlir IJphnii} fVom.^.Vuy sort of generalization 
upon a study of such a limited area as the present musi necessarily be a 
hazardous undertaking. I shall venluie to call atieiition to the follow- 
ing points, however, all of which must be looked ujion as merely lentative 
suggestions: 

a. The Soil Factor. — It apjiears that the general dislribulion of the 
upland societies is based primarily upon the nature of the superficial 
soil- This must be so since the roots of the smaller plants never iwne- 
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trate very far into the soil, and sIdcc in the case of trees and shrubs, 
seed germination and the growth of seedlings is conditioned by these 
surface layers. If seedlings cannot develop it is clear that there can be 
no mature plants. 

Surface soils may be classified either according to their chemical or 
according to their physical nature. The usual soil analyses show the 
relative anioimta by weight of the different chemical constituents. Now 
it is very probable that the original till material covering Kent county 
was reasonably uniform in chemical constituents. That it was thor- 
oughly mixed by the movement of the ice sheet is shown by the wealth 
of different minerals to be found in any small region. But the till has 
been more or less sorted by water action in many localities, so that in 
some few cases, almost pure silica is all tliat remains on the surface. 
However, iu spite of this washing, the most sandy soils contain a con- 
siderable amount of other minerals." 

But the plant can make use of the soil constituents only after they are 
in aqueous solution. Now the great bulk of the soil is practically 
insoluble in water, and it makes no difference to the plant what may 
be the chemical nature of these undissolved substances. Thus it would 
be much luore to the point to make analyses of the soil water, for it is 
this which effects the plant directly. Huch analyses were not made in 
connection with the present, work; the distribution of the vegetation 
seemed not to demand it. It is hoped that they may be made at 
some future time, either for this region or some simitar one. It is very 
probable, however, that soil waters from the surface soil in different 
parts of this area will he found to be very nearly uniform in their salt 
content. We are led to this conclusion by two considerations: First, 
the chemical nature of the soluble part of the surface soil itself is 
probably very nearly uniform throughout the county. Secondly, the 
washed soils are usually comparatively shallow, and upward diffusion 
of dissolved substances probably takes place with comparative rapidity, 
especially when aided by the soil currents produced by changes of 
temperature, etc. The ouly localities where it is at all probable that 
a paucity in soluble salts would occur in the soil water, are the deep 
sand plains. There is some rather questionable evidence from the 
vegetation that such is the case in these localities. More work needs to 
be done before any definite decision can be made in this regard. 

In classifying soils according to their physical nature, the only ques- 
tion which has any direct bearing upon plant growth is that of the 
ability of the soil to retain water by capillarity, so called. Primarily, 
this ability deiiends upon the size of the soil particles. Thus sand will 
retain less water than loam, and loam less than clay. The three grades 
of surface soil shown on the map have been indicated with this in view. 

Sandy soil may be made to retain more water in two different ways, 
either by the addition of clay or by the addition of liumus. The physical 
effect of the humus is very well marked. Of course the humus also adds 
some nitric acid and certain organic materials which are of benefit to the 
plant, and it also increases the amonnt of soluble salts at or near the 
surface; the humus is formed mainly from leaves, and in these organs 

• plains near firajllns. Mkblsan. Annusl 
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the mineral part of the plant body is concentrated. This is perhaps an 
important fact in the growth of hai^ wood upon deep sand which is 
well covered with humus. Where drainage is complete and rapid, as in 
sand, and oxidation is also rapid, humus does not readily accumulate; 
but where it does accumulate as a surface layer, the ability to retain 
water approaches that of clay. 

From the present study it appears that the most important soil factor 
in the distribution of the flora of Kent county is this one of the relative 
ability of the superficial layers to retain water. In other words, the 
controlling soil condition is one of drainage. 

Throughout the southern half of the county, soils which retain much 
water are covered with society I, II or III. The only exception to this 
is the small clav area within the bend of (jrand river. The soil of this 
area is apparently as good as that farther south, but it is very dry in dry 
weather. There is no marked humus covering. Perhaps the proximity 
to the well drained valley on either hand has an influence through under- 
ground drainage, but this was not looked into and the question must be 
left for the present unanswered. 

Within the sand plain area of the southern half of the county there 
are several small stretches of societies I and II. Owing to the fact that 
at one time a much larger stream than the present one flowed through 
the valley of the Thoi*napple river, that valley has a well marked ter- 
race between the country level and the present flood plain. This old 
flood plain is sandy and corresponds in manner of formation to the 
Grand Rapids sand plain. But in very many places this terrace is cov- 
ered with societies I or 11. Some of the finest "sugar bushes" which 
1 have seen are here. The sandy soil is thickly covered with a layer 
of humus. These strips of hardwood are so narrow that they could 
not well be shown upon the map. The same condition holds on the 
rather high part of the plain lying west of Crosby. This is indicated 
upon the map. Also at the base of the escarpment forming the margin 
of the deeper glacial channel in the Grand Rapids sand plain there are 
several instances of societies I and 11 upon humus-covered sand. Notably 
is this true near the southwest corner of Grand Rapids and on the mar- 
gin of the Buck creek valley near the Lake Shore & Michigan Southern 
railroad. In this connection it is interesting to note that beech trees 
are found quite commonly upon the humus-covered established dunes 
along the east shore of Lake Michigan.** 

In the northern half of the county west of the Rouge river we find the 
heavier soils still retaining societies I, II and III. East of the valley of 
this river we find the country is much cut up. The clay areas are small 
and pretty well drained. They may be occupied by any society from I 
to V. That they can support society I is well shown by its occurrence 
in several places. Its general absence from this region is perhaps due 
to another cause, to be mentioned later. 

East of Sparta and northeast of Cedar Si>rings are perfectly typical 
examples of society I growing upon light soil, the former without trace 
of pine. In the western part of the Sheffield area I was told by a resi- 
dent that the clay was at least twenty feet below the surface. But in 
these areas the soil is deeply covered with humus. What the conditions 

^* Dr. Cowles tells me that he has seen these beech covered dunes as far north as Frankfort, 
and Mr. Whltford has observed them on Manltou Island. 
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are wliicli cause the accumulation of the humus in one place and not in 
another apparently similar place, I was unable to make out. This 
phenomenon most often occur» in a rather low region where the sand 
would normally remain moist longer than elsewhere. It has been sug- 
gested that the beech cannot grow to perfection in the .absence of 
liiimus, because of the symbiotic relation of its roots with certain humus 
fungi. The maple-elm-agrimony society, however, grows to perfection 
on heavy soil with little or no true humus. It is also found on lighter 
soil which has a humus covering. 

In the southern half of the county it seems fairly dear, then, that 
societies I and II will grow on rather deep sand if that be covered with 
Iiumus, and that when society V is found on clay it is well drained and 
iLSually with little or no humus. Throughout the county there is an 
c»bvious dift'erence in humus content between the areas occupied by 
societies IV and V, the sand of the former being mixed with vegetable 
<lebris. The intermediate societv III is found on the loamv soils and on 
the dryer and better drained clay area«. 

b. The Historic Factor. — Besides the factor of relative water content 
in the soils there is another which may be active in this region. I refer 
to what may be termed the historic factor. 

As the ice sheet retreated slowly northward at the end of the last 
glacial period the portions of Kent county first uncovered were, of 
course, in the southern part. And the first parts of the sand plains to be 
uncovered lay also at the south, although these areas were probably 
under water long after the ice itself had disappeared. It is probable 
that the pine-heath*^ group which today reaches farthest north, reached 
well toward the glacier front during the ice age. And at the end of that 
age, the ice in its retreat was probably followed northward by vegeta- 
tion, the pine-heath society leading the way. Near the ice margin the 
soils were probably raw, absolutely without humus, subject to great 
drought in summer and to extreme cold in winter. These are just the 
conditions in which we find the pine-heath group today in northern 
Michigan. It is probable that at one time they occupied all of Kent 
county, but the climate became warmer and more equable with the 
farther retreat of the ice, and the growth of the hardj' pines, etc., pro- 
duced a little humus. Their roots fixed the soil so that erosion was 
less rapid, and perhaps the sassafras and the white and red oaks and 
the whole of our society V gradually crept in, occupying the better part 
of the ground along with the pines and heaths. Then as the soil 
improved the oaks became more and more numerous and the pine 
seedlings could not develop on account of the shade.** The pines thus 
became fewer in the south and the oaks at last predominant. This 
would be the stage of our society IV. But the process of working over 
the soil continued, — though perhaps the ice-sheet had shrunken by this 
time nearly to its present size, — and humus continued to accumulate in 
favored places; the hickories, maples and beeches of Ohio and Indiana 
spread continually northward over every suitable stretch of soil, as 
fast as it was made fit for them. When the maples and beeches reached 

16 This group comprises, besides several pines, two species of Juniper, bearberry, halrbell, 
braken and seyeral of the other forms found in our society, V. Cf. Whitford, H. N. : loc. oit. p. 
296 et 8eq. 

^* It Is Icnown that pine seedlings fail to mature In the shade of healthy deciduous trees. 
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maturity in tht- riciicBt iiarls of the ouk aiid liickory forest tlie oaks and 
bickories probubly ceased to mature. tieudliugH of lUeue ireeu fail tu 
develop well under maples aud beecLee. po»»ibly on nt'ouuot of (he 
deiiBe shade. Thus we have reached the Btuge of our society 1. 

lu Buch a northward advance, the plant societies would not prof^ress' 
in nntfotm lines, like a inat'chtDf; army, regiment after regiment, at 
might be supposed at first thought: on the contrary, there would be 
many mixed areas, and the advance would often be almost imperceptible, 
like that of a ragged line of akinuisliers. Here aad there in a sterile^ 
perhaps in a well drained portion, would be left a detachment of T 
advance guard, like the patches of societies V and IV in the soutben 
townships of our county. And these would be surrounded by the later 
comers as they crowded on, occupying all soils in which they could com 
to maturity, and preventing the development of new generations of tlM 
forms previously in possession. With these thoughts in miud, a glanuC 
at the map will suggest much mure than was seen before. 

The beech and maple societies (considered by Cowles and Whitford" 
to be the climax society for temperate North America) extend north- 
ward along the lines of soil richest in water content, and 
farthest north in the western jiart of the county. This latter fact may 
be due to the lake influence. C'hamberlln states" that in Wisconsiit 
the beech is limited to regions near the lake. He believes ils distribti' 
tion to be determined by Incustrian climate. This is |ierhap8 partly true 
here, at any rate the advance of society I has been much greater along 
the side of the couiity nearest the lake.'" 

Also the other societies, — II, HI and IV, — are each a little in advance 
of the previous one, and each is iipparently advancing into the aw 
occupied by the next hardier one. In the extreme north wi- lliid almost 
the entire area occupied by societies IV and V. 

According to this line of thought, the reason for the piedominanee of 
the pine groups in the north is simply that sufficient time has not yet 
elapsed since the glacial period for these areas to Ite reached by the 
societies found predominant farther south. Along a wavy ea^ i 
west line passing through Kockfnrd lies the "zone of tension" betweti* 
societies I, 11 and III on the one hand and IV and V on the other, Thia 
line bends far northward at the west, following the wesli'ni edge of th« 
Rouge valley as far as Kent t'ity and Casnovia. It also Itends 
northward to Sheffield and Harvard on the other side of the Bonge 
valley. Perhaps a climatic factor is operative in producing this Eone Q 
tension, perhaps the beech -ma pie-hickory society cannot occupy larg 
areas to the north of it. Bat it seems more probable that the climate,—^ 
somewhat colder as we pass northward, — has acted only as a relardii^ 
factor, assisted by the fact that a good portion of these northern towiH 
ships have a light surface soil, which seems unsuited for the hard wood' 
societies in the absence of humus. 

The strongest {aiint in favor of the idea just expressed is found in tb 
fact that at the time of settlement practically all of societies I aod ll 
in the northern part of the county were well mixed with jiino. 
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jiItu-<tH tliu piu^ Mliimim are mt uuiultouh utt to i-uiHC tlw qtic»ti«ii whether 
the hard woud i» not nn fiilii-cly ri'i-eiit HtTiiir, It is pn>bjtbh>, however, 
that scattered maples and beeches were miu(;led with the pine and that 
on the removal of the hitter their sei-dlings siinplv took [to8»e88ion of 
(lie Rronnd and shut out the pine seedlings."' Also in societies II and 
111, west of Kockford and as fiir south as SUII Creek the pine is stilt 
prmionneed, and in nian.v small sjxits society IV, or even V, still retains 
its hold. As has I)een noted IWorc. this is a mixed group and is hard to 
classify. There are no traces of piue in the hard wood foivsts to the 
southward. It may well be, however, that a further extension of this 
study will show that this hypothesis of the historic fiu-tor is utterly 
iinteuable. 

.\niitlier line of evidence seeming to throw some light upon the his- 
torical development of this flora, is that obtained from a comparison of 
the several sand plains of the region. As was stated in our introduc- 
tion, there is a well marked siind plain just south of the boundary of 
Kent county, which we have termed the Oreen lake sand plain. The 
soil here is tike that of the higher part of the Urand Rapids plain, shown 
on the map, very sandy, but with a good admixture and coating of humus 
BO that at the surface it appears loamy. The vegetation is made up of 
all five of our societies. In general the type is that of society III, but 
there are many spots, especially on the nmrgins of the numerous ponds 
and lakes where societies IV and V bold the ground. In slight depres- 
sions along the margin of the plain the linmus is deep and society I is 
common. There are also many rather large areas of societies I and III 
well out in the plain. T^snalty these are in slight depressions, not low 
enough to be swampy, but well cover*'d with humus. We may say, 
then, that in the most southern of the three sand plains which have 
been studied, — and therefore the one which has been out of water and 
fit for vegetation the longest, — the predominant society is III, but I and 
II are not anconmion. while IV and V occupy a relatively small portion 
of tlie area. 

In the Ornnd Rapids sand plain we hnv<; se^-n that society IV is jire- 
dominant. with a good part occupied by V and comparatively very little 
by 1, II and III. .\nd in the plain which extends from Rockford north- 
ward, the only npland society found is V. Of course the last plain has 
been out of the water a much shorter time tlmn the other two. In fact, 
a great part of it is at present swamp and is occupied by lowland 
societies. 

In these three plains we sei-m to see successive stages of vegetatiou 
occupying successive stages in the fornmtion and accumulation of 
humus. Of course the extensive destruction of the natural vegetalion 
which has taken place since settlement of this region began, will make 
it im))ossible for the natural course of events to continue here, even if 
the above hypothesis be the correct one. Often clearing and burning 
has reduced the soil from a condition suited lo smriety 11 or III to one 
only fit for society V, This is probably also true on the moraines in the 

=" Ueal hAR Bhi>wD that oaks, niaplps. Mc, ran rpach ■ cooaldpr 
iiiit any marUfHl (trowih. An oak maj thuN be Iwentytlve jfan 
unlj' a tew Inulipa. IT the Hbadt'-prodiiclne plania are removed tbtet dwarfnl t 
ii|i n rvarwra ern^Hi. Fnr flKiirpw ot aiioh ditdrfwl Ireea m» BpbI. W. J, : 01iai>m 
RucooHalnn of plaDta In Nonlicrn Mlrblgan. Anniinl rpporl Mfoh. Slale Board 
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northern part of the coanty. It will probably be impossible ever to trace 
the history much farther than it had gone at the time of settlement 

THE I^WLANI) SOCIETIES. 

Under this lieading will bo briefly considered three groups of societies, 
the pond-Bwamp group, the lake-river group, and the spring-brook 
group. In the first I shall include thotie aquatic Bocieties which are 
found in small ponds together with those marsh societies whose habitat 
is undraincd Bwanips either on the margins of such ponds or else- 
where in swampy depressions. The second group will consist of the 
aquatic societies of the large lakes and of flowing water, — whether in 
creeks or larger streams, — together with marsh societies which occupy 
the drained marginal swamps along these lakes and streams, and also 
the moist ground societies of the river and creek flood plains. The third 
group will comprise the societies of the spring-brook and its margins. I 
have been unable to observe any variation in these lowland societies 
corresponding to variations in the nature of the soil. It seems to make 
no dtilerence whether the soil be sand or clay, if it contain sufficient 
water to cause it to be classified as lowland, it will always bear certain 
types of vegetation. These various types depend, apparently, upon the 
amount of water so retained and upon the nature of the water as n 
solution. 

1. Definition and Distribution of the Lowland Societies. — In the fol- 
lowing paragraphs the definition and the distribution of the several 
lowland societies will be presented together. My study of the lowland 
has not been as thorough as that of the uplands and the discussion will 
not be as complete. The societies will be numbered consecutively in the 
same series as those of the upland. 

a. The Pond-I^tcamp Group. — Throughout the county, but especially 
in the northern and northwestern part, depressions which reach below 
the water line are numerous. They vary in diameter from a few hundred 
feet to several miles, and their margins are of course sinuous and very 
irregular. They may be found on almost any sort of topography, but 
especially in morainic areas and in sand plains. In the former situation 
these deep hollows among high clay hills are often almost impossible to 
drain, even artificially. The great accumulation here in the form of 
peat, of which we shall speak later, has led cultivators to drain these 
swamps wherever practicable. Sometimes ditches for this purpose 
have to t>e twenty or thirty feet deep and take a sinuous course for 
several miles, following the depressions in the topography. Thus in 
morainic regions these swamps are naturally undrained; tliere is no 
circulation of water through them, it is lost almost entirely by 
evaporation. 

In the sand plains these depressions occur principally along the 
margins. The margin of the Urand Rapids plain is in some places 
almost a continuous line of such swamps and ponds. They also occur out 
in the middle of the plain, notably so in the Green lake plain, south of 
the county line. These sandy basins are apparently as poorly drained 
as those in the clay; it is probable that the deeper clay holds the water. 
The vegetation is the same whether the basin is in sand or clay. 

VI. The Chai-a-Xifmphrca (Aquatic) Society. — Where these undrained 
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depressions are small, and at the same time deep enough to contain 
Btaoding water throughout the year, n-e have a pond. The water is 
usually sliallow and filled with aquatic growth. The presence of 
water prevents in some way, — perhaps by limiting the supply of oxygen, 
— the total decay of dead plant materials, and debris accumulates 
upon the bottom of such a pond, forming black peat. This may be 
intermixed with calcareous material from Chara"' and from raollnsc 
BhellB. The calcareous deposits may be quite pure, as sometimes in the 
larger ponds and lakes, so that they may be used for marl. Generally, 
however, an undrained swamp has a bottom of fine silt-like peat or mock, 
which, — being thoroughly saturated with water so as to furnish almost 
no support to a person or animal, and being of unknown depth, — gives 
to many ponds the name of bottomless. The vegetation of such a pond 
is characteristic. The white and yellow water lilies (Nymphiea and 
Nuphar), the alga Chara, which often forms great masses, the duck- 
weeds (I*mna, WoIflSa, Spirodela) and the bladderworts (Utricularia), 
are the predominant types throughout the county. 

VII. The Sedge-Sphagnum-Tamarack (Bog) Society.— It is obvious 
that as an undrained pond is filled up by peat deposit its margin will be 
built out into the water. This process has been going on since the 
close of the ice age, and thus many ponds are surrounded by a broad 
belt of characteristic undrained swamp or hog. In many cases the pond 
has been entirely obliterated by this encroachment of the marsh upon 
the standing water. These marshes, whether they have a true poud in 
the center or not, always show a zonal arrangement of plants. Thus 
several distinct societies might be made out of what is here brought 
under one head. An admirable discussion of these zones of plant life 
in the CUicago area is proseiitod by Cowles (loc cil.). The facts are the 
same in Kent county as there. Along the margin, in shallow water, are 
found sedges (Carex), the bulrush (Scirpus lacustris), Scirpus atrovirens, 
S. poljTihyllns, the buck beau (Meoyanthes), and the swamp cinquefoil 
(Poteutilla palustris). Farther back these give way to the true peat- 
bog flora, comprising cotton grass (Ei-yophorum), peat moss (Sphagnum), 
leather leaf (Cassandra), Calapogon, Pogonia, Cypripedium candidum, 
C. spectabile, the tall blue-berry (Vaccinium corymbosum"), cranberry, 
poison sumac (Bbus veuinata), pitcher plant, sundew, Elodes campu- 
nulata, Woodsia, shrubby cinquefoil (Potentilla fruticosa) and the tam- 
arack tree. The black spruce, which is common in such localities north- 
ward,'" is rare here. In one extensive swamp crossed by the right of way 
of the Detroit, Grand Haven & Milwaukee railroad about five miles 
east of Grand Rapids, and bearing the name of Saddlebag, there were 
originally many of these trees. They were first practically all killed 
by burning. Now the swamp has been artificially drained and I think 
no spruces remain. The margins of the undrained swamp are often 
occupied by a characteristic margin flora of which the winter berry 
(Ilex verticillata), hardhack (tjpir;]ea salicifolia and S. tonientosa), and 
the Osmnndas (O. cinnamomea, O. Claytoniana, and O. regalis) are per- 
haps the most typicab Or the margins may have a vegetation resembling 

" DbtIs bBS abovn that Mieblgan rourl is mainly from Chara. Be* navls. C, A. : A conlribu- 
tlon to tbe iiBtural blstorf at marl. Jour. Oeol. S; 486-497, 1900. Alio: A KCODd contribatlon 
to ihe DBlural blBlor; ot marl. Jour. G«ol. 9 ; 491, ISOl. 
" Trbltford, H. N. : loc. eft. p. 314. 
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thnt of the dryer iiarta of the drained swamp, the elme, Bwamp oab8, 
astera, etc., foiming a transiTioti to the adjaceot upland Bocieties. Where 
the latter are of the tyi>e of IV and V, however, the transition zone ia 
apt to bt' omitted. The margin flora just mentioned may be developed in 
Buth a (UBe. or the Bwamp sot-iety may break off abruptly at the sitndy 
hIo]>«> which marks the original Bhore line of the pond from which the 
swamp has been formed. 

h. The Lfikf-ltiier (hmip. — The MX'ietieM ahmg the Bhores of the lakes 
and along the rivere und larger ri-eeks ai-e (juite similar, no matter 
whether they l»e in «aiid or clay. I'erliaps the wave currents of tlie 
large body of standing water and the better opportunity for saturation 
with oxygen and hence for oxidation, simulate the stream currents and 
prevent the existence of stagnttut water conditions, whatever these may 
l»e. It is true also that miist of the large lakes have outlets so that 
there is a eoustaut, or at least intermittent cliangiug of the water. In 
embayments and quiet plai-i'S along the margins of such bodies of water 
the ai|uali<'s take on more ur less the charaeter of ]>on(l vegetation 
and the shore's of siieh places are apt to develop the as|)ect of an 
nndrained swamp. Tlie vegetation here is often intermediate in character 
between that of the drainnl aud of the nndrained swamp. 

17//. TUg l'ot(niiitfi«:toii:\l!friuith!fllttin-HI»iflca (Aquatic) Society.— 
This occurs in lakes and the larger rivers. Itesides sjiecies of the three 
geiiera mentioned it includes Vallisneriii, Ceratophyllum, the water 
shield (Urasenia), water buttercup (Uanuueulns aquatilis), and numer- 
ous green alga.-, such as Cladophora, Spirogyra and Hydrodictyon. 

/A'. The WilloirAithKhii Soeicti/. — ^This occuiti on the margins of 
lakes and rivers. The acpiatic society (VlIIj grades into the willow belt 
through a grass-arrowhead zone wherein wild rice is often predominant. 
In open places in the marginal willow thicket are often pickerel weed 
(rontederia), cat-tail, Sparganium simplex and androcladum, and the like, 
ur these may mingle farther out with the grasses and arrowheads. The 
sedge-bulrush zone is not nearly as pronounced here as in the case of 
the pond, though these plants occur often in great numbers. On the 
be-.u-h of tiraucl river, uulside the willow /.one, thei-e is often a zone of 
rag weed (Ambrosia triflda) and other annuals. 

IJnt back of the willow margin, on the rivt-r and (m the lake, we 
usually And a very chai^cTeristic drained swamp area. This is the 
richest in species of all our societies. It occurs along the margins of 
Btreams and lakes, but some of the flncst examples of it are in the 
ancient channels of the glarial streams. The channel followed by the 
Orand Itapids t^ Indiana railroad from tirand Itapids to Ross was, at 
the lime of settleuient, almost one continuous stretch of drained swamp, 
although in some jilaces there are patches of society VII marked by 
groups of tauiuruc'k. The same is true of the broad creek valleys in the 
nortliwesteni part of the county. The vegetation here is a great com- 
plex of species, its totit eiiitembfr remaining quite uniform but the com- 
ponent plants varying through a wide range. Only a few samples can 
be given. We nmy select the following: Hluck ash (Fraxinus Sambuci- 
folia), elder iSamhiicus Canadensis), Lobelia cardiualis. L. syphilitica. 
Polygonum lojMithi folium. P. hydropiper, P. acre. P. dometorm scandens, 
bittcrBweet (Holanum dulcamarat. red osier (<'ornus stolonifera), Epili- 
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bium ooloratum, bugle-weed (Lycopiis Virginicns), ekiiU ^ptScutellaria), 
hedge nettle (ii^tarliys), Kcilidago ulmifolia. j>anieled ec>rm>H (C^trnus pani- 
ciilatn), auur-guiii (Njtwii B.vlvatif;i) , gi-eeii brier (Kiiiilax'i..Hj'bor-vitaf, 
Hwnini) oak ((Juercus liicolor). i-eil maple (Acer riibrum), iilVp{>ery elm 
(UlinuB fiilva), and alder (Aluutt ineaiia). The list might t-ovx-l^^a pagi'- 
Of coin'M^ in any uae plaee uiie will not liiid all of tliette plants' but they 
are pretty sure not in be far distant. Itugle weed is sure to be-found 
everywhei-e. The PolygonaniH ait' the rharacteri«tii: herb furniA iuthe 
dryer partB of these Bwamps, and often in all pai-ts. some ten or tW^We 
N))eeie8 of this gemin occurriug there. Along the Rouge river, iif'.tlie 
northern part of the eonnty, the i-ed maple is apt to lie mingled wlth_, 
the willowH in the margin zone. '*,' 

-V. Tlir ltm«iri>tMlHarkheny-FliloJ--Lini(/icort (Flonil Plain) Hockt'^-\i 
— ThiH w the typical river flood-plain soeiety. It eoutains many of the' 
]ilantg of Hoctety II. llei-e, as well ati in soeiety II. oeeur most of the 
spring flowering herbs, bloodroot (Hanguinariu), Trillium, Indian turnip 
(Arixit'iiia), ete. The cork elm (UlmuH raeeniosat is eoinmon, and the 
Ameriean elm fre<|uent. Hutteriiut and walnnt iJuglans cinerea and J. 
nigra), the bur oak (QuercuH niai-nMarpn), and the pig-nut hiekory iCarya 
l»oreiha). also occur here, Ba<'k from the lake or river this soeiety 
merges gradually into the upland society whii-h oeeupies the adjoining 
upland. 

c. The Sinhttjitifiok (lioiip. — Hei-e will l>e included a single society, 
that which foints ribhon-like utretehes along the margins of the smaller 
brooks and bi-oader pat<hes on the springy hillsides, whei-e the brooks 
have their sonny's. The liltle stivams usually {mssess a well nmrkeil 
aquatic Qora, which consists, however, of but few species. The aIgH' 
Vaucheria and Cladophora ai-e found fastened to stones at the bottom, 
and (he watercress (Nasturtium), together with wafer purslane (Ludwigia 
palustris), often forms gi-eat masses which well nigh stop the flow of 
water. 

,\7. 77(C I.ithrliti-Chrhiir •^iirhti/.-^-The tri-es of this society ai-e either 
the same as of the upland through whicli the brook flows, or are like 
those of the drained swamp. Itut the herbs and Hhrubs which fol- 
low the hraok are quite characteristic. Among these are the blue 
and red Lobelia (L. syphilitica and L. cardinalis), tlie turtle-head 
(Ohelone glabra), the gentians ((Sentiaua Andivwsii and O, crinita), 
swamp milk-weeid (As<'lepia8 incarnafa), beggar's tick (Kidens). tear- 
thumb (Polygonum arifolinm and I', sagittatum). j\j>ter punirens, several 
Eupatoriunis, alder (.\lnus incana), and several low willows. Many of 
the plants found hei-e also occur in the drained swamp society (IX), but 
they exhibit a better development here and are quite closely massed 
together in a narrow strip along the margin of the streams and in rather 
hroad ai-eas of springy ground at the stream's source, so that the society 
as a whole is quite distinct from IX. 

2. GciierfiUzations on the iMWland Flora. — From the possibility of 
such a classification of these lowland societies us the one just given, 
it seems probable that the nmin factor in determining their distribu- 
tion is water. But the amount of water is practically the same in an 
undrained and in a drained swamp and on a brook margin; yet the 
floras are dissimilar, esiiecially the first two. It has been suggested 
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that tlie gr^t- amount of oruanie matmaU in the solution of the 
iiDdrained. swamp may effect the plants physically or chemically and 
thus exciudfi those which occar in the drained swamp. If these siih- 
stances effect the plants physically it must be through osmotic pressure. 
By thi(! means a eonccntrated solution might withhold water from the 
plant. '\ few tests of the water from swamps whose flora was of the 
bog type seem to show that the osmotic pressure of the water is no 
gi-^ater than of that from a spring or river. Enou}!;h work along this 
tiop'l^ias not been done, however, to decide the question. 
://fliere remains the other suggestion, that the undrained swamp owi*» 
.,Jhe peenliar character of its flora to the chemical nature of the soil 
' M>luTion. It may be lack of oxygen in the soil which shnts out the plants 
'of the drained swamp. The question is to be solved by ex{>eriment. and 
' not by observation. Perhaps, in the ease of a bi-ook, the more uniform 
flow of a solution of rather uniform constitution occasions the develop- 
ment in the margin of snch a sti-eam as different from that in a drained 
swamp. This question must also lie attacked experimentally. 



From the pi-estmt observations it appears tlmt we are entitled in 
retain as a broad general hypothesis, the physiographic idea advanced 
by Cowles (loc. eit.), namely that physiogntphy determines vegetation. 
But this hyi>othesis is not getting us very near to the ultimate factor 
upon which depends the distribution of the plant societies. The ultimate 
cause of all this varied vegetation must be something more particular, 
something which will affect the individual plant. For such a region as 
this, this somctJihig nmst exist in the nature of the soil ; climatic factors 
cannot explain dilferences in such a small area; and the historical factor 
is broad and general like the physiographic one. and hence is not ultimate. 
That local differences in vegetation are due to soil factors has been as 
good as prove<l before this, and the proof is strengthened by the present 
study. The physiographic hypothesis explains how it is that various 
soils may be physically and chemically different. But after this is 
explained, the question with which we have to deal lies still untouched: 
What is it in the nature of the soil which determines the distribution of 
our plant iiocieticsf 

Kow, by "nature of the soil" we can denote two things, and only two. 
i. e., the phi/aical nature and the chemical nature. But we have seen that 
neither of these can influence the plant per sc. (See page 9.t|. Either 
one of the features may, however, be effective through soil water. 
Water is the only feature of the soil which comes in direct connection 
with the %'itality of the plant. The chemical nature of the soil may Ive 
effective through the nature of the dissolved substances which enter 
the plant, indirectly, througli osmotic pressure. Its physical nature may 
t>e effective through the i-etention or non-i-elention in the soil of the water 
itself. 

So far we may go a priori; beyond this tests must be made. The nature 
of the soil water tvom various soils in various positions must be care- 
fully determined. From these determinations we shall know how much 
truth or falsity there is in the explanation here offered, that the nature of 
the w»il water is not usually a dei-isive factor for such a region as this. 
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Also, by careful tests the ability of various soils to retain water must 
be determined, and these determinations recorded with the vegetation 
found g:rowing where the tests were made. Thus, and thus only, can 
the hypothesis offered in the present paper be tested, i. e,, the hypothesis 
that the decisive factor in plant distribution over a small glaciated area is, 
in most rases, the moisture-retaining power of the soil. Comparisons 
and observations can neither destroy this hypothesis nor establish it. 

On the other hand, the present series of observations seems to show 
that the historic factor is a very important one in the distribution of the 
plant societies of Kent county, and the test of the hypothesis offei'ed in 
this connection is to be obtained through observation and comparison, 
and through them alone; we cannot get the ice-sheet back and have the 
whole history worked out before our eyes.^^ 

It may not come amiss to suggest some areas which it would be well 
to study for comparison with the present one. First, the study should 
be carrit*d westward to Lake Michigan; along its shores we find much 
iiioi-e primitive tyjjes of vegetation than anywhere in Kent county. 
-Vlso, by this means the present area would be brought into better con- 
nection with that of Cowles' work. Secondly, an area should be studied 
in the center of the State and another bordering on Lake Huron or Lake 
St. Clair. With these at hand we might feel that we were free from the 
danger of drawing conclusions from a peculiar and exceptional area. 
Thirdly, there are needed studies and maps of several typical areas, scat- 
tered from the present one northward to Hudson's bay. 

It is hoped that in the future such studies may be made and the results 
carefully mapped and published. Emphasis is here laid on the map, 
for by it alone can a satisfactory comparison be instituted. Photographs 
are apt to be too superficial to be of any accurate use, though they would 
undoubtedly be valuable in connection with the map. 

I wish to thank Dr. H. C. Cowles, to whose writings 1 have had occa- 
sion to refer so often, for suggestions which have changed for me the 
whole aspect of the problem of i)lant distribution in this region, from 
that of a problem iuipossibU^ — or at least hopeless — of solution, to that of 
one whose solution is apparently a question of time and of careful and 
accurate work. 

*■ Similar conclualons to the ones here expressed have Just been published. The paper 
appeared too late to be referred to In the main text. Brnncken, E. : Studies in plant dis- 
tribution. 1. On the succession of forest types in the vicinity of Mllwaulcee. Bull. Wis. Nat. 
Hist. Society, 2:17-28, 1902. 
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MUSKEGON COTJXTY. 

Prof. C. D. McTjOuili of the Mu8ke}|;ou lii};!! school hau piit in a little 
of his summer time very iutellipently and induHtriouBl.v in oolleeting 
data as to the soils ns well as tu flowiug wetl». and the deep wells wkii-li 
have recently been drilled. His nssistanre in the latter matters I would 
gratefnlly acknowledge while incorporating hiu help into my iiotes un 
the proBpects of oil iu that region given on a later |Kige. But lie has al«o 
prepared a nearly (.-omplete Heriea of township mi){m, showing the dis- 
tribution of the soils, and lias help<'d Mr, lA'verett in his work. I append 
his general notes. ., 



SOMK GENERAL RKMARKS OX THE TOi'(H;RAl'liV, SOILS. WATER SOLIICES, 
FIXIHA, KTC, OF MlSKKCiON CUfNTV. 

<■. n. Mcr/irrri. 

Surface. — A large purtion of flte unrfine is a sand sheet covering 
nearly the whole i-oimty. the principal except ions living )Mirtions of the 
townships of White Kiver, Whitehall. Moiilagiie. rasnovia, ItHveniui. and 
lierhaps the nortliern jMirt of Holton, .\ ludt of this sand area some 10 
miles wide and having its middle line a])proxinintely along the course of 
Muskegon river has the general ap{>ear3nce of a ]ilain. but slopes con- 
siderably from the point whore the river passes the county line to the 
shore of Lake Michigan, also it becomes shallower and apparently lower 
northward and southward from the river, that is, the river seems to run 
nearly along its tleeiK-st jiart. In Odar Creek and Hhie Lake townships 
sand dunes ai^t conspicuous but of undetermined extent. Similar but 
Blighter hills, knolls and ridges of sund octnir in various i>arte. 

The noi-thwesteru jiart of White Kiver townshi]) pi-eaents a surface of 
clay approximately lIKt fiH't above Lake Slidiigan. Southward and east- 
wanl loam mid Dually sand l>e<'ome Hie dominant soils, l.'asnovia, east- 
ern Moorland and northern and eastern Itavenna conslitut(> a hilly region 
in which morainic ridges are prominent, loamy soil abundant and deposits 
of boulders and gravel frequent. A moraine traced by Mr. I^'ierett winds 
northward throngli Friiitland township fconi near Muskegon thnmgh 
Whitehall and Montague, thence northwestward to the limit of the 
county, 

Vottnt. — Ahuig the const the land lieight, exclusive of dunes, falls 
from an elevation of probably more than 1011 feet at the northern end to 
nearly the level of the lake at the southern end. Clay is visible on the 
beach only at and near the northern limit, (.'obblestones and grave) 
are noticeable in the vicinity of White lake. Sand, with a slight 
sprinkling of |>ebblcs, is the feature along the remainder of the line. 
Dunes are highest at the south and form an unbroken line about one- 
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lialf the entire distance northward, beyond which there are considerable 
]H)rtions along which the level land surface extends to the slope of the 
l>luff. A mile or so below the northern line of the county the sand dunes 
begin to diminish gi'adually but rapidly, lying against the face of the 
clay bluff instead of upon the bluff, and within two miles north of the 
boundary no traces of dunes are to be found. Black and reddish magnetic 
sands are conspicuous in many places along the beach and are some- 
times separated by action of the waves into layers an inch or more in 
thickness. 

Lakvft and Lakeh'tM, — The lakes along the coast are of course confined 
within slojyes corresponding in height and abruptness with the general 
land elevation previously mentioned. Little Black lake in the extreme 
southwest drains into Lake Michigan by a shallow ditch. It is practically 
level with the receiving lake and has been lowered somewhat by the 
ditch. The land rises away from its borders with very slight ascent 
except where low sand ridges seem to indicate former confines gradually 
moving toward the coast. 

Wolf lake, in the interior, lies in the high sand plain near Muskegon 
river. Its banks are steep, entirely of sand, somewhat more than 30 feet 
above the water level, which is (>7 feet above Lake Michigan. Carr 
lake or Five lakes, a few miles south and westward, consists of a series 
of shallow, receding ponds lying in hollows on the north margin of an 
undulating tract of sand that seenis to be an area of old dunes. Twin 
lake, in Dalton township, lies but little below the general land level. 
8ome of the lakelets northward have deeper basins. 

Speculations on the Geological History. — Evidently in successive 
stages of recent times less and more of this region has been covered 
by Lake Michigan than at present. White lake, Duck lake, Muskegon 
lake, Lake harbor, are infilUngs of the lower valleys of the several 
streams that formerly flowed farther out to reach the great lake; this is 
shown by the fact that the blutts now confining these lakes are exactly 
continuous with the bluffs now lining the valleys of the streams for miles 
inland. Numerous sand ridges, dunes and swampy tracts indicate former 
presence of water of c(msiderable depth. 

Various present conditions seem to indicate that the water is now 
or recently has been in (juite rapid recession, considerably extending 
the land area. A large portion of Moorland with small ])ortions of sev- 
eral adjacent townships is a recently reclaimed marsh (although con- 
siderably above Lake Michigan). Much of Sullivan township was a deso- 
late swamp which extended into Fruitport and Norton townships, 
upi)earing to the eye as an unbroken plain and but a few feet aboA'e lake 
level at the coast. 

In the southwestern corner of Fruitlaud township is a swampy tract 
extending back from the lake scAcral miles. This swamp is bounded on 
the east by an irregular sand ridge reaching a height of 20 ft>et i)erhap8 
in places. Eastward from this ridge for something more than a mile 
extends a swamp that has been denuded of a fine growth of arbor vita* 
and other trees. This se<'ond tract merges into higlier land at the east, 
where it is more or less plainly demarked by low ridges and knolls of 
sand. This tract has been partially reclaimed and subjugated to the 
plow. Eastward still farther the land is mostly under cultivation, but 
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distinct traces of a swampy character remain. Again, in the eastern 
row of sections in Dalton township and extending for some distance into 
Cedar Creek is a low, moist, loamy and sandy area. Tlie north branch 
of Bear creek runs along the western limit of this tract, its bed but 
little depressed below the genera! land surface. Close to the creek on 
the west rises an irrejiular dune-like ridge of sand clearly determining 
the southward direction of the stream. This ridge (which has been 
viewed only at a diKtauce of about half a mile) seems to be the dune line 
of an older border of the lake. It is «)uite evident then that these several 
areas extending some twelve miles from the lake into the central part of 
the county are successive reclamations from the lake. 

The high sand plain along Muskegon river is thought to have been a 
delta formation when the lake extend>?d far inland. This is suggested 
by the fact that it seems to be highest near the present course of the 
river, sloping verj- ^aduuUy southward, northward and towards the 
present shore. 

Spritufx tend 11 ■(■?/«.— Springs are of course numerous along the streams 
and in the hilly regions of the east and northwest. Near the lake shore 
many streams have cut deeply into the underlying clay and springs gush 
out from the banks many feet above the streams. In the so called delta 
region there is very little water found at the surface, but so far as known 
wells are not very deep, 20 feet often being sufficient to find good water. 
In the low and level tracts pi'eviously mentioned water may usually be 
Found by very shallow digging. Wells from 4 to 10 feet deep are the 
rule. In Casnovia many wells are moi-e than l(ll» feet deep and often 
water is not found even at a greater depth. 

Flowing wells are quite common near the shore, ranging in depth from 
35 feet at Montague to some i!.">0 feet at the south line of the county. 

Koils and Minerals. — The character of the soils has been suggested in 
various ways by what has preceded. The high sand plain covering most 
of Muskegon township and moi-e or less of Egelston, Cedar Creek, 
haketon, Norton, Dalton and Fruitland is a particularly barren region. 
Away from the immediate vicinity of Muskegon the settlers are very scat- 
tering; few signs of in'08j)erity are visible in their homes; frequent 
deserted bnildiugs and clearings show where the struggle to get a living 
and establish a home has been abandoned. In traveling over the region 
along nearly the whole course of the river in the county no public 
road lias been found except at the head of the lake from wbicb the 
stream could be viewed. Itlue I^ke township is a most desolate region, 
supporting the least i>opulation of any township in the county. The low 
and level regiims before descrilK'd are mostly of a sandy soil more or 
less mingled with clay and having clay or "liai-dpan" (the latter a fer- 
ruginous sandstone ajiproacliiug bog on-) lying but a few inches or feet 
heiow the surface. The low sainls are nioiv or less dark and may be finer 
than the high sands, and are always moist because of the impervioas 
material underlying. These lands are said to have been easily cleared 
of stumps because of the hori^iontal direi-tion of the roots. The rolling 
lands of Casnovia and iwu-ts of Itavonna and Moorland, with the similar 
lands in the northwestern part, are ]K-rhaps altogether the most valuable 
for general farming. 

A large deposit of magnetic sand within a few miles of Muskegon is 
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known to certain persons. At Twin lake the surveyor's compass is unre- 
liable because of deflections. A deposit of diatomaceous earth lies some- 
where in the northwestern part of Laketon township, probably not many 
chains distant from the coast. 

Orchards ami Other Crops. — ^Near the city considerable gardening and 
growing of small fruit is done even on the high sands. In Egelston 
township, between Wolf lake and Muskegon river, a man is surprisingly 
successful in raising melons on a high sand slope, using no fertilizer. 
Moorland has been famous for an immense production of peppermint oil, 
but low price has reduced the production to a small fraction of the 
former amount. Sugar beets are being grown with success on'the swamp 
lands of Sullivan and Kavenna, the yield being high in tonnage and 
quite satisfactory in per cent of sugar. It is noticeable however that the 
acreage in beets yearly moves toward the loamy slopes bordering the 
swamp. Peach orchards in Casnovia township and in the vicinity of 
Whitehall village are thrifty and yield fine crops. 

Native Flora. — Presumably the high sandy region was formerly occu- 
pied largely by pine and hemlock. The characteristic trees now are oaks, 
Q. alba and Q. tinetoria. These are usually of a scrubby character, but 
some good timber occurs. Q. rubra is scarce. Pinus resmosa is very 
scarce, only a few. trees have been noted in Fruitland township. Pinus 
Banksiana is somewhat n^ore common. Pinus strohus is seen everywhere, 
unless in the extreme east and northwest portions. Slocum's grove, 
occupying some half dozen sections adjacent in Casnovia, Moorland and 
Bavenna, is a splendid mixed forest containing perhaps 30 species of 
trees such as beech, maples, basswood, elms, oaks, hemlock, yellow birch. 

On'the moist low plains that have been recently cleared the character- 
istic tree growth seems to be the trembling iiapen, Populus tremuloides. 
This seems to spring up quickh- and profusely wherever such soil is left 
exposed. 

The accompanying plate V shows the contrast between the roots of 
the pine in low places, whei-e they have only a short way to go for water, 
and on the sand plains where they have to run down deep. 



WASHTENAW COUNTY. 

For some time the scientific departments of the State University have 
needed and asked for a topographic map of their neighborhood. Upon 
several occasions Prof. Russell has appeared before the legislature in 
behalf of such a topographic survey, not only of the neighborhood but of 
the State, and the following quotation from a letter from Prof. Spalding 
shows its importance in another department: 
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I would like to reiterate and emphasize with all my power what you say regarding the 
necessity of a topographic map. This is so great a need with us in Ann Arbor that Important 
work already begun will have to stop unless we can have the region mapped. I have already 
had some conversation with Prof. J. B. Davis, our professor of surveying, etc.. In regard to a 
map of tlie Huron river at Ann Arbor. Some of my students have been constructing prelim- 
inary maps of some of the glacial lakes near here, and they serve for purposes of study to some 
extent, but they are not sufficiently accurate for a scientific plec-e of work and could not be 
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PQbIlBh«d. Prof. Belghard fwla tbe aime ncnl ; so does Prof. Hnnel. We muit. bj ooe tne«iu 
nr ahotber get trutbrul maps at tbe Stale Just aa Boon as ma; be. You maj be lure of [b« 
hearty cooperation of all of at on that score, for It U a 'lonK felt want.' The right way, as 
jou Buggeat, la for the State to ilo lis aluLre towarda paying for It and then get the tJ. 8. Sarrey 
aa soon as poastble lo go abead." 

In consequence I entered into an arranRement with tbe United States 
Geological Survey, a copy of wLieh itt found in another place, for a 
topographic survey which will nearly cover Washtenaw county and also 
portions of adjacent counties on the north, east and aouth, and will, I 
truHt, be of use in many ways to the large number of students that come to 
the State TJniversity and Normal College, particularly in iUastrating to 
them the utility of such a map, as well as the residents of the region. 

When this map is finished I hope to arrange for a careful geological 
survey of the county. Mr. F. T,evei-ett. Prof, Sherzer and Prof. Russell 
already have many notes on the surface geology and two deep wells 
I'eccntly put down, that at Milan and at the university, help to give us 
more exact knowledge of its deeper structure and mineral waters. 

The samples preserved at the university of the well were put up wet 
and have so cemented that I have been able only to give a cursory 
examination. An abstract of my examination and correlation, combined 
with newspaper items, may not be useless, pending further details or 
in case the samples should be in any way destroyed, and will be fonnd 
in connection with my discussion of the prospects for oi! and gas in a 
later paragraph. 

It is to be regretted that the university has not made all that it might 
in addition to science from this boring. The rate of increase of temper- 
ature, the magnetism excited by the earth in the casing, and the char- 
acter of the mineral waters and their gases, are as worthy of study as 
the mere succession of the strata. This well might he an important 
pai-t of the equipment of a geological laboratory. 



LAPEEU COl.'XTY. 

Tins is one of the counties the rocks l>eneath which are probably rather 
monotonous, the sandstones and shales of the Marshall and Coldwater 
series. It is, however, one where we are very uncertain of tbe dips and 
where anticlinals suitable for the concentration of oil and gas may 
occur, so that every item of information by wells is of exact value. 

Mr. .J, J. Mason informs us that he put down a well at Oolumbiaville 
15(KI feet deep, the last 30 feet thereof being a brine-bearing sandstone, 
presumably tlie Berea. The well was plugged at 7110 feet in order to use 
fi-esh water, which comes in probably from the Marshall at 300 to 40<l 
feet depth. 

Mr. F. B. Taylor began to work up the surface geology of this county 
in the summer of 1900. Itut his work is not entirely finished, and I 
cannot tell how soon we may he able to finish a report uniform with 
those of Vol. VII. I prefer, therefore, to publish here his preliminary 
report, which has already been given to the i-esidents of the county 
through the courtesy of tlie I.apoer County Clarion. March 8 and 15, 1901. 
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SURFACE GEOLOGY OF LAPEER COUKTY, MICHIGAN. 

SUMMARY OF REPORT OF PROGRESS. 
BY F. B. TAYLOR. 

The field work apon the surface geology of Lapeer county is still in 
an incomplete state. The month of May, 1900, was given to this work 
and the results so far attained are summarized below. 

Work upon a topographic map with contour intervals of ten feet is 
well advanced and is nearly complete for the southern two-thirds of the 
county. The northern third will require some further barometric work. 
Some of the rougher parts in the central portion of the county will need 
some further study, especially in Arcadia, Mayfleld, Deerfleld and Oregon 
townships. The extremes of surface relief range from about 750 feet above 
sea level on Flint river in northwestern Oregon township to about 1275 
feet above sea level in southern Dryden and Metamora. The highest 
point of the region is in section 6 of Addison township, Oakland county, 
about three-fourths of a mile south of the county line. This point is 
close to 1300 feet above sea level. Belle river in northeastern Almont 
is down to about 780 feet above sea level, that is 200 feet above Lake 
Huron. The central part of the county has several clusters of rugged, 
irregular, steep-sided gravel hills. Dryden, Metamora and Hadley are 
mostly high and hilly, while the eastern border and Burnside, Burling- 
ton and Rich townships are mostly flat and close to the level of 850 feet 
above sea level. On sections 21 and 28 of Burnside is a sharp isolated 
hill commonly called Burnside mountain, which rises about 300 feet 
above the plain to the east. The topography of the county is character- 
ized by a series of ridges and valleys. In the eastern half they trend 
southeast and northwest, but in the western half they run northeast and 
southwest. 

The bed rocks of Lapeer county are entii^ly covered by glacial drift, 
in most parts to a relatively great depth. So far as known they do not 
protrude at any point. The depth of the drift and the configuration of 
the buried rock surface beneath can be learned only as it is revealed in 
well borings and other excavations. Within the limits of Lapeer county 
there are so few such borings so far as learned which reach the rock 
surface that very- little is known respecting it. In Dryden and Meta- 
mora townships, which comprise the highest parts of the county, the 
drift is known to be very thick, not less than 300 to 400 feet, and prob- 
ably more. So far as learned, the drift does not appear to be much less 
than 100 feet deep in any part of the county. 

The entire surface of the county is therefore composed of loose, uncon- 
solidated sediments. By far the greater part of it is clay, but with a 
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considerable admixture of Band, gravel aud stoneB. large and »nia]l. 
With but few exeeiitiona the clay has stones and Iwuldera wattered 
promiscDousIy through it; clay of this sort is called "boulder clay" or 
"till," and by well-drillers "hardpan," and is well recognized as a cliarao- 
teristic glacial deposit. It is the normal deposit of slowly-moWng massive 
bodies or streams of i<-e, and its heterogeneous character readily dis- 
riuguishes it from sediments laid down in water, whether still or in 
motion. Almost the Whole of the great mass of softer sediments which 
covers the bed rocks of Lapeer county is composed of this boulder clay 
or till. Bnt here and there through it and upon its surface are occa- 
sional beds of sand aud gravel and bouldery places and sometimes beds 
iif c lay horizontally bedded in flue layers fi-ee fi-om all coarser sediments. 
These distinctly dassitieil sediments are the deposits of water, the 
coarser ones in running water and the ftuer ones in quiet or still water. 
They are all comprehended under tbe general term of modified drift, 
that which was laid dowu by tbe glacier without the. intervention of 
water action beiug designated as utimodified drift. The entire mass of 
the drift deposits is made up of an exceedingly complex mingling of 
these two classes of sediments. But while tbe main constitueut uf tbe 
drift is boulder clay or till, almost every well or other deep excavation 
hibows nioi-e or less extensive and irregular umsses of modified drift, 
usually sand or gravel, embedded in or lying under the till. These more 
)iorouB layers often become great reservoirs for tbe ac^-umulatiou of 
rainwater, and when they lie in an inclined position and are overlain 
by au impervious lied of till they are likely to become the reservoirs for 
Eirtesian wells and perennial springs. There are a number of artesian 
wells and springs of this kind in Almont township. Before the comple- 
tion of the work, it is desirable to make some further collection and 
Mtndy of well records with a view of learning as much as jiossible con- 
lerning the <-onditions of natural water storage and supply. 

The study of the surface features and deposits of tbe county is also 
well advanced. Incidentally to the study of the topography and the 
distribution of the different kinds of soil, mueb has beeu learned con- 
cerning the history of tbe development of the surface. Inasmuch as tbe 
loiwgrapby and soil distribution of the county as we find tbeni are almost 
entirely results of the particular processes by which the drift was 
originally fashioned, it seems desirable to present a brief sketch of tbe 
history of that development. The data for this sketch and for the map of 
tbe surface features wbicli should go with it are nearly complete. The 
accompanying map (Plate 1 V i presents a rough sketch of these features 
ho far as made out, but is lacking in accuracy of detail in some parts, 
(^specially in the northern and northwestern parts of tbe county. 

The general facts reijuired for this historical sketch are at liand and 
may be briefly summarized. As its maximum tbe continental ice sheet 
of tbe glacial i>eriod overspi-ead tbe whole of Michigan, and it reached 
far to tbe south over Ohio and Indiana. At that time a solid mass of 
ice filled the basins of I-akes Michigan, Huron and Krie and covered all 
the intervening aud surrounding country. Southern Michigan was then 
deeply buried under tbe ice to a depth measured perhaps by thousands 
father than hundreds of feet. As it retreated northward by gradual 
melting, its margin frequently balteil, probably periodically, and at each 
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halt a more or less well defined ridge of drift was formed at and under 
the edge of the ice. These ridges are known as moraines. A numerous 
and intricate series of them has been traced out and mapped in Ohio 
and Indiana and southern Michigan, and their distribution shows that 
when Lapeer county first began to be uncovered by the retreating ice 
the glacier was still occupying the Saginaw valley and the basins of 
Lakes Huron and Erie. The glacier moved forward most rapidly in the 
valleys and lagged behind on the higher ground, with the result that 
the higher parts of the country were uncovered first as the iCe retreated. 
The thumb of Michigan forms a broad ridge projecting northward 
between the Saginaw valley on the west and the valley of the St. Clair 
and Detroit rivers on the east. Lapeer county may be said to lie upon 
the basal portion of the thumb. As the glacier retreated, its margin 
formed in two great lobes, one projecting southward in the Detroit 
valley and the other in the Saginaw valley. Between these projecting 
lobes was a sharp re-entrant angle running northward on the intervening 
high ground into Lapeer county. Thus, through all the time that the 
ice-front was retreating across this country, the apex of the re-entrant 
angle between the lobes was within its area. Strong drainage usually 
issues from such angles in the glacier, and its magnitude is roughly 
proi)ortioned to the magnitude of the lobes that bound it. In Lapeer 
county the rivers that drained the glacier were large and they made 
a strong impress upon the surface deposits. Although some further 
investigation will be required on the relation of the moraines and the 
associated drainage in the central, northwestern and northern parts of 
the county, enough is known to show that in its retreat northward the 
ice-front halted five times, the moraine of the last halt barely touching 
the northern fringe of the county. In each position, except the last or 
most northerly one, a river of considerable size flowed along the edge 
of the ice and was fed by streams issuing from the ice itself- 

Moraines are not merely dum^is of detritus falling from the steep 
front edge of the glacier, but are also largely accumulated upon and 
under the ice near its margin. Such a moraine forms a belt varying 
usually from two to five miles wide, though sometimes much wider. 
The first moraine formed in Lapeer county covers the western half of 
Dryden township, the southwest corner of Attica, the southeast corner 
of Lapeer, nearly all of Metamora and the southeast half of Hadley 
townships. This is a very hilly district and forms the highest part of 
the county. The earliest glacial river bed in the county is associated 
with this moraine and lies in Dryden and Metamora townships. It 
turns an entire semicircle, starting north across the county line south of 
Whigville and turning gradually around to west and south and passing 
out of the county about a mile and a half east of Thomas. 

This river bed has peculiarities which are hard to explain. There 
is some evidence that it did not flow along the ice-front, but under the 
solid ice-mass itself, and that it issued from under the ice at a point about 
two miles south of the county line. The ice-front at the time of this 
moraine appears to have been a little south of the county line, and 
the relation of this channel to it remains for the present somewhat 
problematical. 

The next later moraine in Lapeer county passes north through the 
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west half of Almont township, runs north-northweat through eastern 
Attica and central Arcadia, where it turns west across northern May- 
field and thence runs sonth-southwest through eastern Oregon, central 
Elba and nortliwestern Hadle; townships. This moraine is quite irreg- 
ular in character. It has a high rolling topograph; in southwestern 
Almont, is so weak as to be almost unrecognizable in southeastern Attica, 
but in northeastern Attica and in Arcadia and Mayfleld it is very rugged 
and has many high, steep-sided knolls of grarel associated with it. In 
some parts it is chiefly made up of these. 

The drainage at the time of this moraine went northward in eastern 
Bryden, northwest across Attica and, after crossing Lapeer in a course 
not yet clearly made out, it ran southwest up the course of Fanner's 
creek, across eastern Elba and central Hadley. 

The next later or third moraine is a faint feature running north-north- 
west through central Almont and western Imlay and Goodland, becoming 
a strong feature in the latter township. Thence it passes northwest 
throngh North Branch to the northeast corner of Deerfield, where it 
turns southwest and, following the south side of Flint river, passes out 
of the county. 

The drainage of this stage is not yet made out continuously. The 
long flat depression west of Almont suggests a line of drainage, but 
seems to lack specific characters of a river bed. It seems to fade away 
within three miles norjh and nothing representing a river bed appears 
until a point isreached about two miles northwest of Imlay City. Here 
a wide channel opens rather abruptly and runs northwest past Lum, 
King's Mills and north of Five Lakes. Beyond this its course is not yet 
made out, but there is a river course running across the center of Oregon 
township from northeast to southwest which is probably a part of the 
same. Between Almont and Imlay City it may be that a readvance of 
the ice filled up a channel that existed there and pinched it out. 

The next and fourth moraine runs north-northwest through eastern 
Almont in very faint form and passes northward about a mile and a half 
east of Imlay City in broken fragments. In Goodland township it 
becomes a strong feature and turning northwest crosses southwestern 
Burnside, northeastern North Branch and southwestern Burlington 
townships. On the flat plains of Rich township it seems to have 
no representation. But in southwestern Bich and mnning sonthwest 
through central Marathon it is well developed along the north side of 
Flint river. This moraine and the two preceding ones are crowded 
together two or three miles south of Imlay City into a breadth of four 
or five miles. 

At this stage the drainage took on a new relation. As the ice-front 
drew hack to this position the water of Lake Maumee flowed in over a 
part of the ground uncovered and it found a free passage across a low 
divide in northern Goodland township and down Flint river. Thus an 
outlet for the lake was established instead of a river carrying only the 
drainage from the immediate ice-front. Lake Maumee was a lake which 
gathered in front of the receding margin of the continental glacier and it 
filled the valley of the Maumee river and had its principal outlet at Port 
Wayne, Ind., and thence down the Wabash. One arm of this lake reached 
nearly to Cleveland in Ohio and another to Imlay City, Mich. Bnt the 
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new outlet through Lapeer county did not carry the whole discharge, 
for the Fort Wayne outlet continued to be active. A .beach composed 
of grayel and sand was made by the waves of this lake where it dashed 
upon its shore. This beach, known as the Leipsic beach, has been traced 
northward through Almont and Imlay townships to the northern part 
of Ooodland, where the outlet narrowed up and began to flow as a riyer 
in which wave action was not so powerful. At Imlay City this beach 
is about 850 feet above sea level, but it declines somewhat southward. 
From the center of Goodland the river ran directly northwest to the 
southern part of Rich township, where it turned southwest and fol- 
lowed the course of Flint river, passing out of the county in the north- 
west part of Oregon township. 

The last and fifth halt of the ice-front in Lapeer county made a 
moraine which barely touches the northern edge of the county. A faint 
morainic ridge passes north of Silver wood and runs west-southwest into 
the northwest part of Rich township. Another runs east and west north 
of Clifford and another runs southeast a little south of Marlette in 
Sanilac county. The course of this last one probably carries it across 
the northeast corner of Burnside township. But the northern townships 
of the county have not yet been fully studied. 

So far as known, this moraine does not appear to have had a river 
along its front. This moraine and the preceding one are both rather 
faint in the northern part of the county and there is no well marked 
valley between them, but an almost level plain. All these moraines 
have well developed courses of transverse drainage, that is, at right 
angles to the course of the moraine and the ice border. The streams that 
made these seem to have flowed out from under the ice. Belle river fol- 
lows one of these in Attica and Imlay townships to where it joins the 
lake outlet north of Imlay City. Mill river follows others through the 
second, third and fourth moraines across Attica and Goodland town- 
ships. Another runs south-southwest from northern Burnside to the 
lake outlet in North Branch. Flint river passes through one at Thorn- 
ville, and again in eastern Oregon and Marathon it follows two others. 
There is a good one also in western Oregon running northwest to Flint 
river. This one has an esker in it. It some instances these lines of drain- 
age appear to be associated with large accumulations of gravel and sand, 
which were laid down by the streams as they came from under the ice. 
The greatest gravel accumulations, however, such as those in the north- 
west part of Arcadia and in northern Mayfield, do not appear to be 
associated with such transverse river courses. The transverse courses 
through the fourth moraine seem to have carried off the drainage of the 
firth directly away from its front. 

There was, presumably, a soil covering the rock surface of Lapeer 
county before the advent of the continental glacier. That was a soil 
of disintegration, produced by the decay of the rock surface as it lay in 
place. Probably most of that soil was swept away by the first advance 
of the ice, but a considerable portion of it may have been mixed in with 
the other ingredients which make up the till. So far, however, there has 
been no certain recognition of the preglacial soil. 

The character and distribution of the present soil of Lapeer county 
is very intimately related to its glacial history. The drift which the 
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glacier left bebind. with all its variety of topoRraphic form and com- 
position, baB been the basJH of soil formation. The weather, animal and 
4-egetab!e life, and ciieniinil action have all contributed to the flnfll 
result. Mechanical forces of disintegration have resulted from froBt 
and suuBbine, from wind and running water, and from the action of 
both vegetable and animal life. Chemical decomposition results from 
oxidation and from the dissolving power of water aided by carbonic acid 
gas and the humic acid of decaying vegetation. The contribution of 
humus or decaying vegetation to the surface soil is perhai)s the most 
efficient of natural agencies for its enricbment. Steep slopes and bigli 
ground generally are well drained and their principal sources of vege- 
table enrichment are derived from leaf monid and the decay of roots and 
fallen trees. But some part of tbese materials are always carried off in 
solution by surface streams to lower ground. Ponds and swamps, includ- 
ing especially iu this county the old river beds, have poor drainage, and 
they i-eceive a considerable contribution of enriching matter from the 
surrounding higher ground. A number of the ponds and swamps of 
Lapeer county contain de|iosits of marl and most of them contain more 
or less muck and peat, a few in considerable quantities. 

The morainic areas of the county have for the greater part clay soils, 
and so have the flat till plains of the northern townships. There is, 
however, a considerable variety among these soils. They are heavier or 
lighter according to tlie proportion of clay they contain. The soil on 
the earliest or first moraine of the county comprising the high ground 
in the southern part, is in most parts rather more gravelly and sandy 
than the common run of the till in the other moraines and tbe soil is 
therefore a shade lighter. Some of this moraine, however, is purer clay 
and has a slightly heavier soil, notably in eastern Hadley and north- 
western ]>ryden. The till plains of the northern and northeastern town- 
ships have in tbe main a still finer clay soil and are correspondingly 
heavier. Much of Rich and Burlington and Bumside, with the eastern 
[tarts of Goodland and Imlay, are of this heavier clay variety, stickv 
when wet and more or less inclined to harden on drying in the sun. 
There are sandy streaks, however, across Burnside township which con- 
tribute somewhat to ameliorate tbe toughness of the clay and turns it 
into sandy clay loam, Thi-ongh the middle, soulbem and western parts 
of tbe county tbe clay soil is usually described locally as "clay loam." 

There are a fireat number of knolls and scattering beds of glacial 
siinds and gravels associated Tvith the several moraines, and these of course 
have lighter soils. They an; fit-qnently devoted to fruit culture, Manv 
gravel knolls are covered with orchards. 

Tbe old glacial river beds are mostly poorly drained. In consequence 
of this they are to a large extent swampy, although they all contain more 
or less sand aud gravel in the form of bars formed by the currents of the 
glacial rivers. Home of these bars are flat and wide and furnish excellent 
light soil areas for small fruits. 

Tbe old lake outlet, or ''Imlay Channel" as it is called, is mainly floored 
with muck and peat as far north as tbe north side of Goodland town- 
ship. Prom that on it is partly occupied by sand bars to the bend in the 
south part of Kich township. Southwest from this there is an extensive 
sand i>lain bordering Flint river, narrowing at Columbiaville. but widen- 
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ing again below that and passing into Genesee countr. This sand forms 
a very light, barren soil. 

Dune sand is scarce, so far as seen, being fonnd only in northwestern 
Maylield and the adjacent part of Deerfield townships. 

There are some large areas of muck (peat and celerv) soil in Lapeer 
county, especially in the townships of the eastern and northern border. 
Some of these have been drained recently and are coming into use, notably 
those near Imlay City and along the course of Mill river in Goodland 
township. There are also many smaller areas in the central and western 
parts of the county. 

Lapeer county has so far made but little progress in the development 
of industries based on its economic geological resources. These resources 
are, however, so far as now known, comparatively few. There is a con- 
siderable quantity of marl in the county and localities so far determined 
are shoi^^ upon the map. None of them, so far as learned, are of large 
enough extent to form a basis of cement works in the present stage of 
this industr}'. No b(»ds have yet been found having an extent of over 
one hundred acres. Because of their present unavailability mainly, the 
marls found have not been tested thoroughly to determine their suit- 
ableness for cement. The largest swamps in the county, in the eastern 
and northeastern parts, appear not to yield marl. Marl was formerly 
burned for lime in several parts of the county, most notably in south- 
western Hadley and southeastern North Branch townships. 

Clay suitable for brick and tile manufacture may be found in several 
places, but so far as known none are now worked for these purposes. 
None, however, of the best quality and free from jK^bbles is known at 
present. 

Gravel and sand are very generally scattered in patches over Lapeer 
county. For the greater jiart, however, it furnishes but indilferent road 
metal because it is too sandy. It remains loose and unpacked when put 
upon the roads. In many places the composition of the material is in 
large part too fine, and also in part too coarse*. Such mental makes a road 
soft when new and rough after it has become settled or worn. The 
tendency of the sand to remain loose even where it does not appear to 
be too fine seems to be due chiefly to two causes: to the hardness of the 
pebbles and sand grains and to their roundness. Too few of the grains 
crush under the wheels to form any cementing material and the metal 
is generally very free from anything like clay as it comes from the pits. 
The grains are almost all of the hardest crystalline rock brought by the 
glacier from Canada, and their roundness and smoothness is such that 
they will not knit together and pack without the aid of some cementing 
material. Clay is sometimes put on sandy roads for this purpose, but 
this method, while it works well in many cases, is too commonly over- 
done. Too much clay is used to attain the best results. By a little 
judicious screening of the gravel and a proper use of clay for cementa- 
tion, there is every reason to believe that the generally too sandy road 
metal of the county can be utilized to good advantage. 

It may be remarked again in closing that this sketch of the surface 
geology of Lapeer county is prepared upon an incomplete basis of obser- 
vation. Three or four weeks more ought to be given to field work before 
the final report is written. 
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The special subjects or heads under which ^eohigical research may 
best be grouped are of two kinds. Either they represent business inter- 
ests, and the facts grouped under each head relate to the raw material 
or materials of some industry; an illustration are the papers on clay, 
coal and marl, all materials for the cement business, which are appear- 
ing in our volume VIII; or on the other hand it may be some more purely 
scientific question, upon which the facts grouped together throw light. 

In regard to general relations of geology, especially of this State, 
to the business world I shall beg leave to submit a lecture given before 
the Field Columbian Museum* November 2, 1901, though the style is 
somewhat informal and I cannot well reproduce the accompanying 
lantern slides. 



THE ECONOMIC GEOLOGY OF MICHIGAN IN ITS RELATION TO 

THE HUKINEHS WORLD. 

RAW MATERIAL. 

It gives me great pleasure to represent the State from whose gypsum 
quarries comes one-third of the product of the United States, which not 
only furnishes most of your wall plaster, kalsomine, adamant and similar 
wall finishes, and magnificent slabs of oriental alabaster (Michigan is 
east of Chicago), but particularly the material of that White (Mty which 
embodied in a beautiful dream the aspiration for beauty, the abounding 
liberality, the indomitable energy, the civic pride, and capacity for har- 
monious work which characterize this c\ty of which you are proud to be 
citizens, in order to tell you something of its other treasures of raw 
materials which have supplied and will largely supply the matter for 
your work. 

For economic geologj' is but the science of raw materials, the real or 
ultimate raw materials, upon which no work has been done. Such mate- 
rials are always parts of the earth's crust. In common parlance, many 
things are called raw materials which are raw materials for one industry 
perhaps, but are the finished product of another. Iron ore may be a raw 
material from the point of view of the Pennsylvania blast furnace man, 
but it is the finished product of the Michigan miner, just as much so as 
the pigiron turned out by the furnace men, which goes on from hand to 

• Reprinted In the MIcbigan Miner for Dec. 1901. 
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hand, or rather from machine to machine, issuiug as the finished watch 
epring, oniy to become at once raw material for the watch manufacturer. 
Now, the businesB world is concerned with material wealth, which is 
latwr incaroate in matter. Euergi>', ability and wisdom become matters 
of business, objects of exchange as well as desire, only when they are 
employed upon and embodied in matter. Dirt has been said to be matter 
out of place. Baw material is matter ont of use. 



Sometimes all that is required to bring the raw material into use is 
change of location. The strawberries which rot in Michigan beds would 
find a use fast enough in Chicago streets. Some of the sand piled high 
on Huron county beaches ia worth over a dollar a ton placed at the 
bottom of a copi>er-smelting furnace. The waste sands from stamping 
the rock to get out copper are of no use in furnace bottoms, but, mixed 
with a little asphalt, make the best of paving blocks. A good gravel 
bed, such as that at Mecosta, well placed for road mending or railroad 
ballast may really be worth more per cubic yard than the golden gravels 
of the Yukon, the difference depending ou the fact that the latter are 
hard to reach. 

The value of an article in any market is then normally very closely 
dependent on the amount and quality of labor required to get to market 
the part of the supply needed that costs most. 

The value of the raw material is proportionate to the advantage which 
it may Lave, in that it can be put into market and in shape for it with 
less labor. 

Please note, for instance, how the copper mines of Michigan are 
chiefly grouped close to two great gaps in the range. Is this because 
the copper is bunched there exclusively? It is hardly likely. Is it acci- 
dent? No, it is almost certainly due largely to the relative ease of trans- 
portation and discovery. The new railroad south from Houghton is 
partly the effect but partly the cause of the opening up of a new tract 
of copper-producing land. 

These two processes just mentioned, putting the raw material wheie it 
is wanted and putting it in the shape it is wanted, correspond to the two 
great divisions of business, commerce and manufactures. The i-ailroad 
and the commercial traveler are busy putting matter where it is wanted, 
— the mill and the manufacturer mold it into the required shape. 

Let us then begin by looking at the fldvantage which Michigan has 
from a commercial point of view, in the ease in which tptjnsportation 
to market may be obtained. Studies of location are, as may 1r» seen 
from what has been said, a very important part of the study of economic 
geology. 

One of the points of vantage is our nearness to Cbicago, and a word as 
to the commanding position of Cbicago itself may be allowed. The gi-eat 
cities of the world are generally found in geologic basins, and very fre- 
quently the basin takes its name from the city, Rome, Vienna, I'aris 
and London, for examples, have geologic basins named after them. Sucli 
a disposition of the geologic strata makes some city near their center 
the natural meeting point for the later stages of manufacture and mart 
of trade for different materials. Now, Chicago may be treated as the 
center of a vaster basin than any of those mentioned, which extends 
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from the coal mines of Pittsburg to the upturned strata of the Garden of 
the Gods in CJolorado, and from the mines of Michigan to the Gulf of 
Mexico, the whole Mississippi yalley, in fact. Michigan is also near to 
other great open markets, not only to Chicago and Detroit, but to Buffalo, 
Cleveland and Duluth as well. 

WATER FACILrriES. 

Not only is she near them, but she has cheap water transportation to 
them. Nowhere else in the world is there so great an extent of fresh 
water coast line (dotted with fisheries of value). Few states of the Union 
have so much water line of any kind. Not only is it cleft into two 
peninsulas (and outlying islands which amount to some 200,000 acres 
more), but by Saginaw bay and the so called Saginaw river the level of 
the Great Lakes reaches the center of the coal basin and the geologic 
center of the State. Moreover, the whole west shore of the State is 
lined with lakes, big and little, which, the mere cutting of a sand-bar 
transforms into first-class harbors. The geological explanation of these 
lakes is full of interest. The land in which the basins filled by the Great 
Lakes lie is rising, but not equally. The farther north, the greater the 
rise, at the rate of about 0.4 foot per 100 years per 100 miles toward the 
north-northeast. 

The result of this lift is evidently a tilting of the basin, so that while 
the water is leaving the northeastern part all the time it is backing up 
on the shore in the southwestern. This would naturally back the water 
of the lakes up the river valleys, and the (Chicago outlet is but an antici- 
pation of the course of nature. The Saginaw, the course of which is 
exactly against the direction of the uplift, is a good example of a 
backed-up stream, though the effect there has not been great. On the 
west shore the prevailing west winds and the lake current combine to 
throw sand-bars across the mouths of the drowned river valleys and 
convert them into lakes, and thus we have every stream of the west 
shore ending in a lake. This enables the direction of tilting and the line 
between the part where the water is retiring and that where it is gaining 
to be fixed quite nearly, for if we pass a line from the outlet at Port 
Huron to the northwest between Traverse City and Frankfort, then every 
stream to the south empties into a lake which is only the flooded part 
of its own lower valley. On the other hand, the streams to the northeast 
of this line come into the lake on the run, with water-powers close to 
their mouths, as at Alpena, Cheboygan, Elk Rapids, etc., thus showing 
that the lake has been getting away from them. 

INTERRELATION OF RAW MATERIALS. 

Wfe have also to consider, in estimating the value of raw materials, 
not merely their location relative to great marts of consumption, but also 
relative to other raw materials, for there are but few finished products 
into which only raw material has gone. Take, for instance, the manu- 
facture of beet sugar, of which Michigan will produce this year between 
one and two hundred million pounds. Those who are not specially inter- 
ested perhaps think of the matter as one mainly of the climate and soil 
for sugar beets, but that is not the whole of the story. Besides sugar 
beets, water is needed, good water and plenty of it, without much organic 
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matter and without salt. Only the other day I was coDSolted as to a 
supply of water for the Bad Axe beet sugar factory, and I have been 
informed that a doubt as to the (juality of the water delayed the building 
of a beet sugar factory at Saginaw for years. Not only is water needed, 
but coal or other fuel to evaporate the water after it has soaked the 
sugar out from the beets; for instance, the presence at hand of alack as a 
cheap fuel is an important advantage of the Bay City factories, and the 
possibility of coal in the neighborhood, in fact right beneath the factory, 
may mean a good deal to the Lansiug factory in the coming days of 
sevei-e competition. !Not only is the coal needed to boll down the juice, 
but limestone to clarify it, and that of a very high grade with less than 
two per cent of impurities if possible. I'erhaps this one illustration will 
be enough to make dear to you the importance of the relation of loca- 
tions in the study of raw materials. It Is probably this principle that 
leads the center of a geologic basin to become a center of industry. 
becuuM' around it the various kinds of materials are arranged, and in 
it tbey meet for their mutual edification and improvement. 

SAGINAW THE CI:N"TT;R of ATTItACTlOS. 

Sow. we find as a striking featui-e of the geology of lower Michigan a 
basin-like arrangement of the beds.* 

A brilliant French writer, with that fondness for antithesis so charattcr- 
istic of French style, has remarked that the rocks of France are arranged 
around two poles — the positive or attractive pole, toward which the 
rocks dip, toward which the sti-eams of water flow, and, tjeside thetie 
material sti-eams, sti-eams of youth and intelligence, I need hardly name. 
To a Freachman what can be the attractive pole of France but Paris? 
The other pole from which the rock strata dip is a rough mountainous 
region. re|)e]lant except to those who rejoice in wild scenery or who 
have been fascinated by apcbitei;tural studies. This region of primitive 
rocks, where the original crust of the earth stands nakedly forth except 
as iMirfially swathed in the debris of extinct volcanoes. Is the rugged 
rf^ion of the Auvergne, culminating in Mont Poi-^ and the Mont du 
Cantal. Around Taris and the L'antal curves in a great figure eight the 
band of Jurassic strata, while younger beds surround Paris and older 
ones are found in the Cantal curve. 

This antithesis may without forcing be applied to the State of Mich- 
igan; but the geological center of attraction is neither Detroit nor 
Lansing, but Sagiuaw. This Is geologically the center and attractive 
point of the State, and a geologist must prophecy a brilliant future for 
Saginaw and Bay City, which have the advantage of (.'hicago on a 
smaller scale. Towai'd it flow the rivers from all directions. Around it 
lies the coal basin, the youngest of the consolidated formations. ' The 
encircling strata of lower rocks all around dip toward it; and. turning 
to the most recent deposits, successively older and older beach lines 
encirele it, and then terminal moraines of the ice sheet. 

The gi-eat figure eight made by the -lurassic strata in France must Iw 
replaced for Michigan by the Oreat Lakes, which unite and divide the 
two i>eniu8nlas. 

•SHMIchlekn Modenxnr. October, ism. Alw) rUle IX. 
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The negative pole, the rugged protrusion of oldest rocks from which 
the strata dip and the streams flow, we find in the Huron mountains 
northwest of Marquette. 

There are a number of other ways in which these two poles may be 
contrasted. The one is the highest land of the State, the other the 
Saginaw valley, the lowest large area. The one is surrounded by mines 
of iron and copper and is relatively devoid of farms. The other has 
mines of coal and is a fertile valley. The one pole is and will be com- 
paratively unpopulated, the other is or will be densely populated. 

Michigan may also very handily be compared to two hands. The right 
hand is the Lower l^eninsula, fat with fertility. The Saginaw valley is 
the hollow palm upturned, receiving blessings from the skies. The like- 
ness is so plain that the district of Huron, Sanilac and Tuscola counties 
has long been known as the Thumb. The overhanging and projecting 
cliflfs of the Point Aux Barques may pass for the Thumb-nail. Ijeelanau 
countv we inav then call the little finger. 

The Upper Peninsula may then be taken as the left hand, which will 
be leaner, with bones and sinews of rock far more prominent, and of this 
hand Keweenaw Point may be taken as the thumb. 

The two hands taken together contain almost all the resources neces- 
sary for man, and mutually complement each other. 

UNION OF INDUSTRIKS. 

One striking instance of correlation in industries and in raw material 
has been of the greatest importance in Michigan. 1 refer to the union 
of lumber and salt. In the manufacture of lumber there was a vast 
amount of waste wood and saw-dust which had to be burned to be got 
rid of, which indeed is burned today in some places. But fortunately 
almost anywhere in the Lower Peninsula of Michigan one can by drilling 
find either rock salt or a strong brine for salt manufacture. In the former 
case they pump down water to dissolve the rock salt so that in both 
cases they have to evaporate the brine, and for this the waste heat from 
burning the saw mill refuse was used. When the pine was cut and the 
saw mills of the Saginaw river began to move or burn up without rebuild- 
ing, it was thought that time had struck the knell of the salt industry. 
But instead of that the hour had struck to awake the black giant coal, 
which all this time had been lying low and saying nothing, to take up 
the task. And now in the Saginaw valley, whenever they have a little 
waste heat or coal, at the power plant of the electric road, at the glass 
w^orks or at the dump of the mines, they can always turn it to use in 
making salt. 

Of all the raw materials, those which supply power to do a man's 
work for him are of the most value, not only in themselves, but in their 
correlative raising the value of almost every other adjacent material. 
Two of them we have just mentioned — wood and coal. Others are water- 
power, wind, peat, oil and gas. These materials do not have the gener- 
ation of power as their sole use; but if, as we have said, wealth is labor 
incarnate in matter, it is obvious that anything which can replace or 
multiply labor is of the widest economic importance. 
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Of all these sources of power, wator-power is probably the most per- 
luaneDt, though if we sacrifice our wood too recklessly we may also injure 
our water-power resources. 

It is not possible to go into details regarding the water power of the 
fitate, for which I must refer to the writings of Robert E. Horton,* but 
one or two salient facts may be noted. One of these, the location of water- 
powers near the mouths of streams northeast of the tilting axis, has been 
mentioned. Another is the abundance of lakes upon the highlands of the 
Lower Peninsula, which serve to steady the flow of the streams. The 
Great Lakes formerly stood 11)0 to 200 feet higher than today. As they 
retired they left the old lake bottoms, around Detroit and Saginaw, for 
instance, as nearly smooth plains, while above their former extent we 
have a region which was the dumping ground of three glacier arms, one 
of which came down I^ke Michigan, one through Lakes Huron and Erie 
into Ohio, and a relatively shorter one followed the Saginaw bay. This 
higher region is studded with lakes and swamps, and near the boundary 
of the two regions (here is an especially well-marked water-power belt, 
on which Adrian, Tecumseh, Ypsilanti, Rochester, Owosso, Alma, Mt. 
Pleasant, and a host of other thriving little manufacturing towns are 
springing up. 

This line is not only one of river water-power, but also one where we 
are especially likely to find flowing wells. Though one does not often 
think of them as sources of power, they are, for they save the work 
employed in pumping or the cost of a windmill, and when they will run 
a hydraulic ram, or without it throw water all over the house, they are 
a commercial asset of value. 

The flowing wells just referred to come from the drift, and are from 
strata of gravel, etc., having their sources toward the highland region 
and following the slope of the country down to the lake. But, beside 
tliese wells, there are many from the rock. 

The structure ■of the State being that of a synclinal or basin, wherever 
a boring can tap a porous bed which takes in water at some higher level 
we are likely to have flowing wells. This was the case over most of the 
Kaginaw valley and in the valleys nearly all the way back to Hillsdale, as 
at Lansing. Along the shore of the Lower Peninsula, too, with but few 
exceptions, flowing wells may be obtained. In the Upper Peninsula, 
along the whole of Lake Michigan from Menominee to Brummond's 
Inland, wells with a strong head may be obtained. The Lake Superior 
shore from Keweenaw Point west should also yield artesian wells. 

The temptation to digress and discuss the water supplies of farms and 
cities, the great advantage which the Upper Peninsula has in its soft 
waters, the cost of the hard water in laundry bills and soap, and the 
distribution of hard and soft waters through the State, must be resisted, 
for power is the subject in hand just now. I will merely remark that 
manufacturers and promoters have made triiw from Chicago and 
Detroit to Lansing just to talk over this one matter with me. 

Returning to water-power proper, I would remind you that in connec- 
tion with electricity water-power is to be of increasing importance. A 
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great dam at Allegan has just been put in from which it is planned to 
i-ealize 3,000 horse-power. Another is in preparation. Thunder Bay river 
furnishes several hundred and could furnish perhaps 2,000 or 3,000 horse- 
power at several different points. But the greatest water-powers of the 
State are yet undeveloped. The Au Sable, Au Ores and Rifle have numer- 
ous lakes and considerable flow all the year and magniflcent water-powers 
untouched. In the Upper Peninsula there are still more. Lake Gogebic 
sends flne power past the Victoria mine, and the Ontonagon river has a 
large valley to the south of the Copper Range, through which it forces 
itself with a rapid flow. 

The Dead river near Marquette furnishes light to all the town at a 
nominal cost, but it has 850 feet of fall in 10 miles and could do every 
stitch of work done in the town. The Sturgeon falls help run the mines of 
Iron Mountain, and, though I shall not pretend to list the Michigamme, 
Tahquamenon and all the other powers, yet I could not be pardoned if I 
forgot the "Soo" with its 18 feet of fall and all Lake Superior behind, 
where the carbide for your bicycle light is manufactured. 

In air power Michigan has no special advantage. 

WEALTH IN WOOD. 

The wealth of Michigan in wood is well known, and, though the forests 
of pine that were thought inexhaustible are well nigh exhausted, there is 
yet a great deal of hardwood left, the raw material of the furniture 
manufacturer and also of the charcoal man ; 160,000 tons of charcoal iron 
are made in the State. 

The great wealth in wood in kind and quantity is due to the range of 
climate and range of soil. The hardwood belts are characteristic of the 
glacial moraines. The use of waste wood as fuel has been already men- 
tioned. The next source of fuel (peat) may be considered a mixture of the 
two previous (wood and water). We have used our own peat bogs to grow 
peppermint and celery, and the peat itself for nursery packing, etc., but 
until recently no serious attempt has been made to use it as fuel. 

It is so largely water that it cannot be an economical fuel unless we 
can arrange to have it handled, compressed and dried by machinery, and 
make the peat itself do the work. If that can be arranged there are 
millions of tons awaiting development, for there are vast peat bogs in 
both peninsulas and a company has been formed to experiment. 

If wood is the father and water the mother of peat, coal is its child, 
and there has been no more important raw material than this. The coal 
basin of Michigan covers at least 7,000 square miles, and I have estimated 
that 8,000,000,000 tons await development, but it has been backward in 
developing and has lain dormant under a sheet of glacial deposits and a 
blanket of lake deposits while the fields further south and better exposed 
were opening up. 

As late as 1895, when I first visited Saginaw and urged the develop- 
ment of the coal deposits, there were but a few thousand tons produced 
in the whole State, which today is producing a million tons a year of 
frequently excellent bituminous coal. It has spread to Nebraska and the 
Dakotas, and is one of the factors to be reckoned with in the future 
development of every material in the State. 




BOARD OF GEOLOGICAL SUKVEY. 



OIL AMD GAB. 

Oil and gas wo cannot count a Michigan resource. There is a small 
refinery at Port Huron, but thousands of dollat-s are spent almost every 
year in boring with no commercial results. We have several oil and gas- 
hearing strata underlying the State, — the Berea Grit, which is a famous 
Pennsylvania sand; the lower I>evonian beds, which have yielded such 
rich results in western Ontario; the Trenton, which is the famous Ohio 
oil rock, — but the basin-like structure does not seem to be favorable to 
i-oncentration into gushers. And yet I live in hoiK's that some day some 
subordinate pucker of value will bo found." 



Xot only does man want power to do his work for him, but he wants 
tools to do it'with. and that means iron, the framework of our whole 
industrial system. I do not need to tell you that Michigan is one of the 
gi-eatest iron producers in the world, that the tonnage which pours 
through the canal at the ''Boo," making it surpass the Suez of the old 
world, is largely iron ore. In 1900 ^,457,522 tons from the Marquette 
range, 2,S75,l'!tu tons from the Gogebic range, 1,(J(>5,8:;« tons from the 
Vermillion range, T,80!>,53a tons from the Mesabi range, besides 3,201,221 
from the Menominee range which dooH not go through that portal, or 
nearly 10,000,000 tous of iron, ai-e produced in Michigan, 

These facts are familiar, but the course of the iron ore trade in the 
past 10 years illustrates some principles of wider application to raw 
materials, so that I will go into some detail. 

Early in the nineties iron ore from a new range appeared in the Cleve- 
land market, and caused consternation in the heart ot Michigan ore pro- 
ducers. It was the Mesabi range of Minnesota. Here iron ore could be 
rained under conditions than which nothing better could be desired, 
except as to climate. It was i:t below zero when I visited the range in 
March, 1805. The ore bodies were soft so that they often could be scooped 
up with a steam shovel and put on to the cars directly. They were gen- 
erally quite flat, and covered with only a light covering of soil or uncon- 
solidated glacial deposits. Under such cii-cumstances the cost of ore 
was hardly more than of railroad ballast, and the miners of Michigan, 
mitiing in hard ore bodies, mainly standing vertically and with the cream 
already from the top, hardly saw where they were coming out. (The iron 
ore of Michigan I may say comes from a pro<res8 of leaching and is 
gathered in lenticular irregular pockets in the oldest stratified forina- 
lions of which we have any certain knowledge.) Indeed, as I was travel- 
ing in the rigors of a northern winter in the hard times of 1893, one- 
third only of the chimneys of Iron Mountain and Ishpeming were smok- 
ing. However, it was found gradually that the soft friable ores of the 
Mesabi needed some old range hai-d ore to make them work well in the 
furnace. Another thing had hapi>ened also. The hard times had taken 
Ihe heart entirely out of the Dulutli boomers, and left them an easy 
prey to the octopus. 

Some years before the spare dollars of some of the Standard Oil men 
had been invested on the Gogebic range. As usual in people who go 

* Ser sriLcl<^ on proapectii tor oil and gns, below. 
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outside their business, iu some cases tliey got pretty badly bitten, but 
they are stayers, and once in they did not let go, but added property until 
they had a strong interest in the Gogebic range, though how much they 
paid for it I do not know. 

Through their interest there they were led on to other iron ranges, 
especially the new Mesabi, and, to make a long story short, by 1895 it 
came to be recognized that there were two great interests in the Mesabi 
range, each of these controlling a railroad to the lake ports — ^the Dulutt 
& Iron Range and the Duluth, Mesabi & Northern. Each of these inter- 
ests had properties on the other ranges which it would not pay them to 
let go to rack and ruin, and it was soon discovered that the two new 
Minnesota ranges, the Mesabi and Vermillion, were not destined to deal 
death and destruction to Michigan iron interests, for it was also dis- 
covered to their sorrow by the independent ore producers of these ranges 
that these two great interests did not care a nickel whether they made 
their profits in the railroad corporation or the mining corporation, and 
they accordingly fixed the rates for ore so that only just so much ore 
should be mined as suited tljem. If that left a very small margin of 
profit for outsiders, and it generally did, they were usually allowed to 
sell out when they got tired. 

A fight followed for new railroads, and for state regulation of the ore 
rates in the Minnesota legislature, which is outside the scope of my paper. 
It did not break the grasp of the larger interests on the situation materi- 
ally, and the next step in a great industrial evolution followed in the 
acquisition by the Rockefeller interests of an ore-carrying fleet. This 
brought all the work from the ore in the ground to the open ore market at 
Cleveland under one control. Up to this time the transportation of the 
ore had been a matter of bargain and sale, and close competition with 
widely fluctuating rates, depending not merely on the activity of the iron 
trade and the demand for iron ore, but also the movement of corn and 
wheat from Duluth, etc. But now from the mine to Cleveland came 
under one control. Simultaneously from the other end consolidation had 
gone or went on, rolling mill with blast furnace and steel plant and 
blast furnace with railroad, until the complete consolidation was only a 
question of time. This has just followed, and whereas we had seven 
independent interests and three open markets on the way from the raw 
material in the ground to the finished rail ready for the track, (towit: 

Miner, 

Railroad, 

Boat. 
Cleveland open market for ore — 

Railroad, 

Blast furnace. 
Pittsburg and Ohio market for pig iron — 

Rolling mill. 
Open market for rails — 

Railroad.) 

Now we have but one — the United States Steel Company, or if, as is 
commonly reported, the Pennsylvania railroad controls the Republic Steel 
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Company, in tliat caae the consumer owns practically the raw material 
and there is no open market. I do not mean that these two conceniB control 
the steel industries. There arc a number of other plants, but more and 
moi-eeavh interest iu self-protectioo is found toowu or control its own iron 
mines and intermediate links. It is easy to see the advantages of the sys- 
tem. The great ooi-poration ean take the ore more easily mined first. It does 
not feel the anxiety of the small private owner, that he shall see the 
reward of liis piece of ore in his lifetime, timt often gluts the market. 
Whereas in the old days, the mines mined all they could to reduce 
expenses and production, and fought the ore carriers for low freights, 
and one year made lots of money and the next wei<e in the hole, and the 
name thing was true of the blast furnace man in his field, now, given 
the amount of rails needed, the ore to l»e mined can be adjusted accord- 
ingly. In other words, the speculative element is eliminated from bnai- 
ness and concentrated in Wall street fluctuations in prices of steel stocks. 
Moreover, the great corporation can afTord to do what a small one can- 
* not. It can, for instance, and does execute private geological surveys that 
put those of the State to shame. A small owner could not do that, — it 
would not pay him. It can study and experiment on minor economies 
which may be woi-th while on account of the large scale of its operations 
as a private individual cannot. A very important item of saving in the 
Rockefeller system is the building of huge ore carriers of 5,000 tons and 
over. The fitting together of the various links is also better, until, as 
Dr. Ilulst tells me, the ore is raised and handled but twice from the mine 
in the far north to the pig-iron of Pittsburg. Machinery and gravity 
do the rest- 
Sometimes it is said that but one profit is required instead of seven, but 
that depends upon whether the combination is capitalized at less than the 
units. 

Now, I wish to call your particular attention to the difliculty of enter- 
ing into competition with such an anaconda of industries except along the 
whole line. 

Suppose I find and start an iron mine. What chance do I stand if the 
railroad belongs to my rivals? Even suppose that my mine is right by 
the lake, stilt I must trust to shipping and be dependent on the ship- 
owner for reasonable rates, — and then whither am I to ship it? I must 
find an independent ironmaster to smelt my iron and turn it into rails. 
And at the other end, if I want to go into the iron business, there is no use 
in erecting a blast furnace unless somebody at hand will buy my pig iron, 
or starting a rolling mill unless some one will use my iron plates. 
Moreover, I must be sure that I can get pig iron as reasonably as any one, 
and the blast furnace that makes the pig iron must be able to see its 
way clear to a supply of ore. And just here is the reason why Michigan, 
prodncing 8,400,000 tons of iron ore, produces 1B3,712 tons (less than one- 
half per cent as much) iron, and this charcoal iron for which our forests 
are furnishing the fuel at tremendous cost. For why should not iron 
be made in the State, say at Bay City? Coal is handy, the best of lime- 
stone is handy, the ore is nearer and a good deal of iron is used, and more 
will be, in shipbuilding, etc., boilers, etc., right in the district, and I know 
of capitalists who pine for the chance to put in the money. There is 
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just one reason. We are too late. A modern plant for the mannfactare 
of iron and steel costs hundreds of thousands of dollars, and no people 
are going to put in theU* money unless they can be sure of suitable sup- 
plies of ores, and most of the available known ore is controlled by the 
United States Steel Company or other manufacturing plants. It must 
not be forgotten that with the growth of industries into large units the 
scrutiny of the quality of the raw materials becomes ever more severe. 
If you need a few sacks of cement for your cellar floor you do not test it, 
for it would not pay, but depend upon the reputation of the brand, nor 
do you have your coal analyzed before placing your winter order, though 
very likely it might pay, but if you were to have a |1(),000 order of the one 
or the other you would not be wise if you did not. A difference of 1 or 2 
per cent in ash would pay for a gross of coal analyses. So, for instance, 
in iron the percentage of phosphorus is studied with the greatest care. 
If it runs over one-tenth of 1 per cent it ceases to be Bessemer ore suited 
for steel production and it makes a great difference in the price of the 
ore, and the hundredths of a per cent are watched with jealous care. 
Now, one great advantage of our better Michigan iron mines is their 
low per cent of phosphorus, though analyses are going on all the time, 
for even these minute percentages are not distributed at random, but 
show that their distribution is afifected by a leaching action. This 
scrutiny is felt all over the line, and the strain upon the chemist and the 
economic geologist is ever greater. It is not merely where is iron ore, 
where is limestone, where is coal, but where is the biggest and the best 
(not over 2 per cent of impurities) and the handiest deposit. But the last 
factor, that of accessibility, becomes day by day less important as roads 
and railroads multiply, especially in this State, where, as we have said, 
every part is equally accessible to large operations. 

Before leaving the iron business let me say that while the consolidations 
which led up to the organization of the United States Steel Company 
seem to me to be distinct steps of progress in the orderly conduct of 
business, in such a combination, as in the combination of molecules in a 
crystal of alum, it is possible that a great deal of water is taken into the 
arrangement, and the heat of adversity is likely to drive off this water 
of consolidation, respectively crystallizatiou, even if the whole arrange- 
ment does not deliquesce. 

COPPER. 

Leaving now iron, the sinew of Industry, we turn to copper,. which 
furnishes her nerves. I"p to 1876 the Michigan mines often furnished 
nearly 90 per cent of the total output of the United States. Of late 
years, however, the growth of Michigan's output has not kept pace with 
that of the western, until now our production of about 150,000,000 pounds 
(155,845,786 in 1899, 144,227,:U0 in 1900) is but a quarter of that of the 
United States. Yet the copper of Michigan occupies a unique position 
in regard to its toughness and conductivity for electricity. It occurs 
associated with a series of very old, dark, heavy lavas, which we find 
around the edges of the Lake Superior basin and dipping toward it. 
One of the minerals of these lavas is known as chrysolite, which has 
been used as a gem, but although hard it is easily attacked by the 
weather. It generally contains small amounts of copper and nickel. Il 
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has almost always been derompoeed in tbeee rocke, which are among the 
oldest sodimentaries known, so old that no trace of life has been fonnd 
in them. The chrvHoIite has, I believe, lost its copper, which has been 
lediieed and deposited from aqueous solution in the opener; more porous 
[lai-ts of the rocks, fo wit: the upper parts of the lava flows, originally 
full of bubbles, known us amv[;daloids. or sometimes in old gravel beds, 
known as conglomerates, or sometimes in flssuros in the rocks. The twe 
former classes of lodes run parallel with the formation, that ie. in a 
;,'eneral way, parallel to the lake shore. The last class runs frequently at 
liyht angles to the course of the formation, i. e- toward the lake. 

But not every conglomerate, amygdaloid or Assure bears copper, and 
no one conglomerate, amygdaloid or fissure bears copper equally every- 
where throughout its length. The law of distribution is very compli- 
cated, though it is safe to say that near the crossing of a fissure and an 
amygdaloid or conglomerate lode both are likely to be richer than else- 
where, for their intersection will make a sort of trough to guide the 
waters which undoubtedly have collected and deposited the copper. If, 
as suggested, they are laid down by percolating waters, the circulation 
might be more active beneath high land which is close to low land, i. e., 
yaps in the range. 

.In economic geology as in other things it is vastly easier to tell where 
u thing isn't than wbei'C it is, and the geologist could be of full as much 
service, if people wonld let him, in saving them from rraxy schemes of 
exploration, boring for coal around Detroit, for instance, as in telling 
them where to find things. Htill. we can usually be of considerable assist- 
ance in finding a copper-bearing lode. How rich it will prove remains 
for providence to determine; for instance, my friend and predecessor. Dr. 
Hubbard, now manager of the Copper Range Company, located the Baltic 
lode very readily on their property. I quote his account,* 

"On May 10, lSt8, immediately after the disappearance of snow, I 
L>egan examination of the sontheastern portion of the land held by the 
company under option from the Kt. Mary's Canal Mineral Land Company, 
where the beds of the Keweenaw copper-bearing series were known to 
outcrop, near what is supposed to be the line of contact between the 
copper-bearing rocks and the eastern sandstone. (>n that day I found a 
conglomerate in the northeast quarter of Sec. 31, T. 54, R. 34, which from 
its position, strike (about north 2I> degrees), and dip (northwest about 
71 degrees) seemed likely to be the equivalent of a belt of conglomerate 
about 110 feet horizontally southeasterly of the amygdaloid bed mined 
by the Haltic Mining Company. On the following day I found imme- 
diately under the conglomerate, a four-foot bed of amygdaloid that 
carries a good deal of copp<:T. 

"On May 14 a force of laborers, under charge of Capt, John Broan, 
began to uncover both beds, preiiminary to trenching northwesterly 
across the series; and on the I7tb, Capt. Broan, while examining with a 
pick the rocks toward the west, found copper in a bed about 1!M) feet 
from the conglomerate. Three trenches were dug across this bed, one of 
which, the so called 'discovery pit' near the present D shaft, found the 
'lode' to be ;i7 feet wide and richly impregnated with copper. 

"On May 'S-i trenching was begun in a valley about 1100 feet south- 
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westerly of the discovery pit, and the lode was located there in June, 
and also at a point 1800 feet northeast of the discovery pit (about 100 
paces southwestly of the present B shaft)." 

It will be noticed that he worked from its position relative to an easily 
recognized bed. I may remark that the supervisors of Houghton county 
in assessing land values took the strike at the Baltic property and got 
over a mile out at the same distance. 

The copper found in our Michigan mines is not usually any ore, but the 
pure metal, unalloyed, although a little silver is often intimately mixed. 
Now, just as in iron, a hundredth of a per cent of phosphorus may make 
the difference between Bessemer and non-Bessemer ore; so it is with 
copper, but more so. A ten-thousandth part of a per cent admixture of 
arsenic will noticeably affect its power to transmit electricity. Thus, 
since our mines are not only the largest of the world, but can furnish 
the purest copper, it commands half a cent to a cent more than the next 
grade electrolytic, that is a premium of 5 per cent for Lake copper over 
every other brand. While pure copper is typical of the lake regions, 
near the surface carbonates and oxides are found, and rarely in fissures 
the sulphides and arsenides. I mentioned that nickel and copper were 
generally found together in chrysolite. Recently for the first time in such 
a fissure (in the Mohawk mine) nickel has been found with the copi)er. 
It is not wonderful that it should be found. The queer thing is its 
absence hitherto.* 

It was not unnatural that the same interests so largely interested in 
iron should l)ecome interested in copper; in fact, they were invited in — 
I may even say let in — in more senses than one, for I presume I am not 
telling tales out of school in saying that the Arcadian, Isle Royale and 
other so called Standard Oil properties are not the cream of the lake 
copper mines. But once let in they have a remarkable capacity for 
staying until they now control a good projxjrtion of the United States 
copper output and some important Michigan mines. It has been sup- 
posed that they are about to repeat the story of the Mesabi range, but 
circumstances alter cases. Leaving out of the question the difticulty of 
getting control of a mine by any kind of stock market manipulation 
while its chief owners are dredging crinoids in tropic seas, or enjoying 
the sights of Europe, and have left no orders to sell, for this is not 
properly a matter of economic geology, we have to consider the following 
facts: 

The amount of copper per ton is not generally very great — 1\ or 4 per 
cent in the Calumet & Hecla to 0.01 per cent in the Atlantic. The number 
and area of lodes containing copper, in percentage greater than that of 
the Atlantic at any rate, is probably very large, but (and this is char- 
acteristic of Michigan generally, not only in copper but also the iron 
and coal countries) there is a heavy mantle of drift which renders their 
discovery and exploitation difficult and expensive. The development of 
the mine and the (concentration are expensive processes. The new mines 
that have amounted to anything have started with a fund of from 
1200,000 to 1500,000 for exploration, and, if enough is found to warrant 
it, the erection of a stamp mill to crusli the rock, and then by a sys- 

• Transactions of Lake Snp<»rIor Mining Institute, Vol. VII, pp. 62-64. 
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teiimtic proccHH of waHhing extract the copiHT, aud of a permanent plant, 
(Uti caHJIy ubBurb $-JtH).(Km to 15110,(10(1 tiiorf. 

Tlius tlicre is no chant-e for ii poor man or proiip of men to come into 
tlie copiier country and nnaidefl make tlietr fortum>8 un they ean in tUe 
Yukon; and, on tlie other hand, the vanonu minem have strong finaniial 
backing and i-ttnnot wadily be coen-ed. They all own their stamp mills, 
as I have said. Smelting the concent rates i» not an elaborate procetw, 
«nd ia i>erfornted right in the district. A number of the more powerful 
mines practically i-ontrol their own snielters now. In fact, in the copper 
district not only are the c()pi)er ingots produced, but the copper wire ready 
for the electrician or trolley man, so tluit, ttnth water transportation close 
at hand, it ia not easy to compel men to come into a combination, and it 
is easy for capitalists to start another indei>eDdent mine. 

Thus there are geological reasons in the mode of occurrence and loca- 
tion of the Michigan copiH>r mines why it will lie much harder for one 
interest to get the gi-ip on the copper situation than upon the iron, since 
there is not the same economy in it, and competition will be much easier. 

SASDSTOXK. 

The copiHT'boaring series is inclined, but toward the upper |»art of tbe 
series the inclination becomes less and less as the younger rocks are 
less and less disturbed, and tbe formation jiasses withont any great 
break into that of the l.ake Superior sandstone, whose bi^auty in the red 
and white cliffs of the Pictured Itocks contrasted with gi-een foliage of 
the matted cedars above and the blue waves beneath is so well known. 
But it also makes one of the most pleasing building stones, and the 
I'ortage redstone and Marquette brownstoue are known throughout the 
territory tributary to the Oreat l^akes. In regard to the building stones, 
the ease of the water transitortation is a most important item, yet it 
must be confessed that in that reB|>ect the State is far behind our neigh- 
bor state of \\'iseonsin and behind what we might expect. We have not 
a single granite quarry, though plenty of granite in tbe old Archean 
"negative pole" is not far fi-om lake transportation. 

There are a few sandstone ([uarries here and there in the I^ower 
Peninsula, and yet i>erhap8 the most interesting are not far from build- 
ing stone at all. The Cleveland Stone Com|)any is working away at the 
Thumb-nail* of lower Michigan, and umking it into scythe and grind- 
stones. For this purpose u combination of qualities must exist in the 
sandstone. It must be tine grained and even grained with a Arm, tough 
cement, and not so hard as to glaze, to hold together tbe angular grains 
of quartK and feldspar, which are so small that under the microscope we 
see that their edges are sharp, and that they have been floated along in 
the water rather than rolled into place and rounded. 

Down in the southeast corner of the State there is another sandstone, 
white as the driven snow and almost absolutely pure RK)„ which is an 
admirable material for glass manufacture, is also used in sanding pamt 
and matchboxes, hut not for sugar.t 
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LIMKSTOXK. 

Just as building stone is but one of the uses of sandstone, so it is but 
tlie least of the uses of limestone. Few i>eople realize the variety of 
uses of the limestone, with which this State is well provided. For build- 
ing stone, for macadam, for quicklime, for Portland cement, in making 
bromine, and in making from our own salt deposits the soda-ash which 
is the basis of our baking |>owder8, washing powders, seidlitz powders, to 
reduce our iron and copper ores, to line steel converters, and to clarify 
beet sugar syrup, limestone is used. 

Each one of these uses makes different demands. For macadam it 
must be tough; for Portland cement it must be tender, and either argil- 
lai!eous itself or near clay or shale as well as fuel ; for converter linings 
it should be magnesian, but most of the chemical industries require it 
as pure as ]K)ssible, protesting more or less if over a fiftieth part of 
impurities occur, and ea(*h industry has its own pet aversion among 
impurities. 

SALT. 

This list of industries in which limestone is an important raw material 
suggests an almost endless^ vista for consideration. Without touching 
on all, we cannot omit alkali manufacture. You know that salt manu- 
facture is one of the great industries, and one of the necessities of life, 
upon which oppressive governments fasten their taxes, for they know 
that people must pay. Eighty million barrels of salt has Michigan pro- 
duced, and is still producing at the rate of five million per year,* over a 
fourth of the product of the United States, and the ease of obtaining it 
and making it ready for the market is so great that no monopoly can 
exist that will raise the average price for more than a year over a tenth 
of a cent a pound. Think what it means to the packers of Chicago to 
have this storehouse of salt at their very doors! The salt is obtained 
either from the evaporation of strong brines contained in four or five 
dilTerent sandstones, or from beds of i*ock salt many feet thick. The 
waters of the St. Clair and Detroit rivers are pumped down upon them 
to dissolve them, for there is no mining as yet. 

While we all realize the importance of salt, few realize the fact that 
soda is largely made from it, nor how important soda is in the frame- 
work of modern society. The soda-ash business is one of the foundation 
stones of chemical industries. Thus I have prophesied that Michigan 
will be the home of the chemical industries for the Mississippi valley. 

These same brines and salt beds which yield the salt and soda are not 
only fountains for the ''healing of the nations," as at Mt- Clemens and 
St. Clair, but will yield ]>otash and bromine, the manufacture of which 
latter source of soothing for Americanitis and base of best photograph 
pai>er is controlled by Michigan. 

By-products of the soda-ash business are calcium chloride and bleach- 
ing powder, and, though this latter has a number of uses in refrigerating 
and in making artificial stone, it x)iled up faster than they could dispose 

* 06.998,084 through 1901. r>..'>8().101 that year, not counting that which Is used in making 
fioda. 
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of it, 80 tile Miobigan Alkali Co. at Wyandotte have taken to mixing it 
with tilt' mild of Detroit river ami inakiDg Portland i-enient of it. At 
Alpena Portland cement is nmde of limestone and shale. But, as you 
doubtleas know, most of the factories of the State are making it out of 
the calcai-eous mud at the bottonv of our lakes and clay. 

Our limestone supplies are beginniu;:; to be appi-eciated. but in clavs 
and shales an in bnildin^: stones we are behind out neighbors on the 
(H>nth, tliough we have "[lading clays, jtaviiig brick clays, clays suitable for 
I'oi'tlaud cement. and others which niv or will be the sourte of livelihood to 
many. Most of our surface clays, Iniwever, have tw> much lime for 
many uses. 

UIH.II. riOAKI.S. l>IAMOM>S. im'. 

It will be noticed that moct of the Ihings I have mentioned are what 
might be called common things iind cheap things, and I might have gone 
on and discussed the adaptiibilily of om- soils for w>nie of the crops fur 
which Jlichigan is fatuous, such as Kugar btH'ts, {tepperniint, celery aad 
fruit. But I have said nothing about gold, though a production of 
$632,444 in the last 13 years shows that it will bei-oiue a settled industry, 
have barely mentioned silver, which is merely a by-jiroduct of copper, 
have said nothing about pearls or diamonds, though once in a while a 
Unio yields a pearl, and an occasional diitniond found in the gravel of 
Michigan or Wisconsin may perhaps have been derived from some of our 
tipper Peninsula serpentines. I have not even mentioned (-hlorastrolite. 
peculiar to the beaches of Isle Royale. for 1 have not tried to give an 
illustrated catalogue of products. — time, my breath, and your patience 
would fail,— hut rather to select for dewrifition certain raw materials 
whose occuri-enc*'. exploitation, and use illustrate certain principles 
applicable not nieivly in Michigan but everywhei-e, which may he 
summed up thus: 



The ultimate raw materials are a part of the earth's crust. Their value 
depends on the relative ease with which they may he turned into the 
finished produ<'t, which in turn dei)ends on tlieir accessibility to other niw 
material and to market. 

The modern tendency to consolidation takes place: 

Fii-st, by the uiiitm of similar and parallel plants into euoriuoHs estati- 
lishnients. This i-estilts in the consumption of large amounts of raw 
material by individual owners, and this in turn justifles a scrutiny ever 
growing more severe to see tlmt the raw material is the best both in 
quality and location. In spite of this, the tendency has ever been to use 
on; deposits, lower in grade, but whose cinantity and circumstano-s 
enable them to be handled cheaply in large quantities at a profit. 

Second, consolidation takes place by union of successive industrial 
links in the line from the ultimate raw material to the consumer. This 
tends to eliminate competition by making it imi>ossible to compete except 
all along the line. When the sources of any necessary raw material are 
controlled, comi>etition in the whole industry be«'omea impossible. 

Finally, the raw materials of gi-eatest value to the State and civiliza- 
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tion are not the rare and costly thinjjs, but those things common as dirt, 
whose value depends largely upon their location mutually and relatively 
to their market, which are needful to sustain a varied and hence vigorous 
and intelligent industry. 



Of the various subjects mentioned above, the following have received 
especial study this year: 

A report on coal* is entirely in the hands of the printers and should 
certainly be issued before this annual report. It is based on the report 
printed in the first volume of the Michigan Miner, but a very slight 
in8X)ection will show a large amount of new work and new material, 
especially as to the chemical quality of the different seams. 

A report on marl and the Portland cement industry will form Part III 
of Volume VIII. It contains Mr. David J. Hale^s studies on the use of 
marl or bog-lime, Mr. C. A. Davis' studies on the origin of marl, and 
especially the important contribution that vegetation has made thereto, 
and the studies of Mr. B. Walker upon the species of shells that are 
found therein, and also a review of some of the economically important 
bog-lime deposits. It is hardly possible to make this exhaustive, for there 
are 5000 lakes and over in the State, and I should think one-third have 
more or less of these bog-lime deposits, which also occur in many marshes 
which are not connected at present with lakes. 

It will appear from this report how abundant marl or bog-lime is, 
though the full working thickness of the deposits is rarely as pure calcium 
carbonate as published analyses would indicate, how it usually lies in a 
shelf around the lake, and under the bordering marsh, or has filled 
in the lake completely, and how largely it is deposited by the lake weed 
of the genus Chara, and is of recent origin and now being deposited. 
Mr. Walker also finds but little sign of change of life in the marl. The 
following letter summarizes some of his results: 



Detroit, Michigan, Nov. 25, 1901. 
A. r. T^ane. Esq., IdtnHlng, Michigan : 

My Dear Sir. — I enclose my report on the mollnsks found in the seventeen lots of mart 
material received from yourself and I*rof. Davis during the last two years. I have not 
included the recent species of which several lots were received from Prof. Davis as this 
determination was not pertinent to the marl fauna particularly. I can send you a list of 
them If you desire. There is however nothing of special Interest in them and the list of 
Saginaw valley shells which you made use of in your former report will include them all. 

Taken as a whole the fauna of the marl deposits does not differ from the present fauna of 
that portion of the State from which they come. Nor have I found in the specimens from 
any particular locality any special peculiarities which would indicate peculiar local condi- 
tions of environment. Individual variations occur, more or less frequently, but no more than 
is often found in similar collections of recent species. The Inference is therefore that the 
marl fauna lived under substantially the same environmental conditions as the present fauna 
does, or at least not sufficiently different to produce any special or characteristic variations. 

The one species peculiar to the marl deposits of this State is Pisidium contortum Prime. 
It was originally described from the post-pleiocene formation at Plttsfleld. Mass. It occurs 
abundantly in the marl deposits both in Michigan and Maine. It has recently been found 
living in one locality in the latter state and it is quite possible that it may yet be found 
alive in this State. But so far as our present knowledge extends it is extinct in Michigan. 
Why this one species out of the fifteen, included in our list, to say nothing of the other 
genera represented in the marl, should have failed to survive, while all the others are still 
abundantly represented in our present fauna is very curious. I have been entirely unable 
to imagine any adequate explanation. 

• Vol. VIII, Part II. 
18 
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LIMESTONES. 

Upon the uses of limestone we have already touched. A good deal of 
material as to their physical character will be found in previous reports, 
especially Part I of volume VIl and Part III of volume I, by Dr. Carl 
Rominger. But it may be well to run over them briefly, particularly 
referring to their chemical character, which is of especial importance in 
their new uses, in sugar, soda and bromine manufacture, since these 
reports are out of print and scarce. 

I may say to begin with, that in using the term "limestone" for the 
heading of this article, I include not merely carbonate of lime, but lime- 
stone as we find it, a mixture mainly of carbonates either of lime or 
magnesia, and more or less iron, strontium, etc., with clay or sand, and 
the uses for which limestone serves as raw material vary greatly accord- 
ing to its composition. For instance, there is a very great demand fori 
anything like pure carbonate of lime, and as soon as it gets near 98 per 
cent it can be used In the manufacture of calcium acetate in connection 
with charcoal kilns, the clarification of beet sugar syrup, and generation 
of carbon dioxide for soda water and for making soda carbonate out of 
soda chloride, as well as for burning lime or making Portland cement by 
admixture with clay. 

In the Midland process for the manufacture of bromine it is also used. 
As I understand it, chlorine water decomposes the bromine which is 
blown out by an air current and collected by quicklime. 

The demand rapidly drops as the per cent of Ca CO, falls, and by the 
time it has sunk only 4 or 8 per cent, to 94 per cent of calcium carbonate, 
the chemical industries have ceased to demand it. It still may be burned 
into a hot lime which will stand much sand and it will serve very well 
for blast-furnace fiux. Generally as the per cent of magnesia increases, 
the lime becomes milder and slower setting and quality poorer, until 
by and by, at about 20 per cent MgO, it ceases to slake, becomes 
hydraulic and becomes a dolomitic limestone which, if properly massive, 
makes a good building stone, but is not good for much else. Then as 
the per cent of magnesia increases it becomes a refractory material suit-- 
able for basic furnace linings. Finally, pure magnesia carbonate comes 
into demand once again by chemical manufacturers to produce carbonic 
acid gas* and the salts of magnesia. This is but a rough outline sketch 
of the uses of one series of calcium and magnesium compounds, and the 
relative percentages of the various impurities which are tolerable vary 
according to the special use. I am told that not over 3 per cent of MgO is 
allowable in the manufacture of cement, whereas there is much greater 
latitude in percentages of alumina, silica and iron. 

• Tbe presence of lime when the stone Is dissolved in sulphuric acid produces plaster of 
Paris and clogs the working. 
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For iiBe in beet sugar the limestone should make a lime which is not 
lompy, bat Blakee readily to a milk. The magnesium saccharate is more 
soluble and makes more ash in the sugar, and hence should be avoided. 

It will be of interest to take up the limestones of Michigan geologically 
and geographically, pointing out where they are conveniently accessible, 
what their composition is likely to be, and what usea have been or may 
be made of them. Their general distribution is indicated on the map 
given herewith. Plate IX. 

Beginning with the oldest rocks, we find down in the Arcbean,* asso- 
ciated with the iron-bearing or Hnronian rocks, beds of dolomite which 
have been so hardened and re-crystallized that we may safely call them 
marble, a term which has been applied to many other of our llmeBtooes 
with less justification. The amount of the various carbonates contained 
probably varies, but they are generally truly dolomitic. One formation 
is luiown by the United States Geological Survey, around Marquette, as 
the Kona dolomite. Farther south they call it the Randville and Antoine 
dolomite. These beds have been used at times as a flux in iron smelting 
and might be used more if the reduction of iron ore were carried on very 
much in the Upper Peninsula. But they are extremely hard and their 
silicious character makes them rather unsuitable for use with ores 
which are already too silicious. Analysis No. 1, given by Rominger, is 
from one of them. Other analyses made for H. L. Smyth show a consider 
able though variable percentage of carbonate of magnesia, from 16 per 
cent to 42 per cent and are given just below. 

Sometimes they present a handsome porphyroid appearance. I have 
seen large, deep red crystals sprinkled in a pink ground, which made a 
very handsome and attractive ornamental stone. I suspect, , however, 
that there would be a good deal of jointing and waste. Crystals of 
tremolite also occur. These dolomites are not close to the water and 
the rigor of the climate would have to be considered in planning to 
quarry them. 

Analyses of Randville dolomite by G. B. Richardson: 

1. 11. HI. 

Insoluble in HCi 2.0 9.7 29.1 

Fe,0, 1.2 2.1 2.2 

CaCO, 53.2 48.9 39.3 

MgCO, 42.3 38.0 27.7 

Total 98.7 98.7 98.3 

Analyses of dolomites from Michigamme mountain area by E, J. 
Forsyth : 

I. II. 111. 

Hesidue insol. in HOI 14.25 9.34 

AI,(Fe,)0, 11.15 12.57 5.38 

CaCO, 47.18 45.98 36.60 

MgCO, 18.48 19.22 16.38 

We cite from Bulletin 108, a number of analyses and of them "A" of 
the series made in the TTiiited States Geological Survey laboratory may 
belong to the same formation. 

* 1 UM Archmn, as uaeil b; Dana Its epouaor, to iorlude all Freumbnln rock*. 
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Analyses of Archean dolomites and kindred rocks, from the United 
States Geological Survey laboratory: 

A« C« £. F« G. H« I* P. 

BtOt 3.07 7.0B 3.16 28.86 46.47 46.01 36.73 42.37 

AlfOa 48 .08 1.29 .70 .83 .38 

FesOs 00 1.33 .03 1.02 .86 1.85 .98 1.09 

FeO 86 Undet 15.18 37.37 28.67 26.07 34.81 31.41 

MnO 15 .19 1.15 .97 .40 2.09 .62 

GaO 29.72 60.08 26.66 .74 .49 .63 .48 .60 

MgO 19.96 .67 11.91 3.64 2.30 2.86 2.74 2.48 

5lo°i^&;:::::::::::::::::::::::::::::::1 •» » •« •« •«> >"| i:2 :::::: 

FfO» 27 .06 Trace Tnuse .07 .01 

COt 46.31 39.68 41.10 25.21 19 24 17.72 22.44 21.80 

CI lirace Trace ? 

TlOf 20 .10 .12 .19 

A. Dolomite. Near Sunday lake, Gogebic district, Michigan. Analysis 
by W. r. Hillebrand, record No. 767. 

C. Limestone. Bed of Slate creek, Huron Bay slate quarries, Mich- 
igan. Analysis by T.M. Chatard, record No. 894. From laboratory 
records. 

E. Iron carbonate, from S. E. H Sec. 20, T. 47 N., R. 43 W., Michigan. 

F. Iron carbonate. South side of Sunday lake, Michigan. 

G. Iron carbonate. Palms mine, Gogebic district, Michigan. Analy- 
ses E, F, G by W. T. Hillebrand, records Nos. 769, 770, 771. 

H. Iron carbonate. Miner and Wells option, Sec. 13, T. 47 N., R. 46 W., 
Michigan. Analysis by T. M. Chatard, record No. 893. 

I. Iron carbonate. N. W. 14 Sec. 18, T. 47 N., R. 45 W., Michigan. 
Analysis by Chatard, No. 895. 

P. Ferrodolomite. Marquette district, Michigan. Analysis by George 
Steiger, record No. 1473. 

Q. R. s. 

SIOj ' 26.97 

AljOi 

Fes Oj. 

FeO 

MnO 

CaO / 

MeO 

AlkaUes 

HtOatlOO* 

H9O above 100* 

P«05 

COi 26.20 26.20 

Q. Ferrodolomite. Marquette district, Michigan. 

R. Portions of Q, insoluble by hydrochloric acid. 

S. Soluble portion of Q. Analyses of Q, R, S by George Steigner, 
record No. 1442. 

Associated with the iron ores in certain cases are ferrodolomites E, F, 
G, H, I and P, which Irving imagined to have been an early form of the 
iron ore. 

The Archean marbles are exploited by the North Michigan Marble 
Company in Dickinson county, on Sec. 2i}] T. 48 N., R. 28 W. The Com- 
missioner of Mineral Statistics reports as follows: "Some of it is pure 
white, some variegated, shading from white to pink, green, gray and 
purple, making beautiful slabs for wainscoting and interior work. It is 
somewhat granitic in nature, suflSciently so that the tests given foreign 
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1.30 
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2.31 
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2.16 
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39.77 


.29 
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.66 




.6b 


1.94 
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ami New England marbles will nut laruisli tiie higlieinl: polish. It la 
MUSK-jititile of a polisti almost cipiat to onyx. Tliei-e is pi-essin^ deuanil 
for I he stoue beyond anytbiug that they can supply, even tbe cliipa and 
Lilian spalls being dis)JOBPd of. One <>oD<'<^rn in ('liiojigo has used several 
carloads of mnaH chips. The pi-ice received ia from is to |4 per ton for 
thp. rough rock that is produced in opening tbe quarry, and from $2.50 
to $5 per cubic foot for sound, square-channeled rock." 

Before leaving the subject of Archean marble, a word should be said 
i;arding the verde antique marble. This is really a decomposed product 
(if jieridotite and is strictly to be classed under the serpentines, 
aliliough it frequently, as Kominger's analysis (2} shows, becomes a 
caiiionate rock. The beauty of the serpentine and verde antique for 
iuiciior finish needs no statement, and the Michigan outcrops prove to be 
i]iii(e as good as any. Mr. Julian N. Case of Ishpeming took the trouble 
to have a certain amount worked up, and 1 have heard it very highly 
]>[-aised by such architects as Mr, Patton of Patton & Fisher. The death 
of Mr. Case interfered with its exploitations and I do not know that it 
has yet been commercially developed. Serpentine occui-s in a number of 
plares mentioned in the 1892 report of the Michigan Geological Survey 
ip. 134). The principal area lies north of Marquette and Ishpeming. 
being exposed from Presque Isle to north of Ishpeming, beginning in 
the eastern port of Sec. 27, T. 48, K. 27, and extending in a southwesterly 
.lir.-ction to Sec. 2, T. 47, R. 28. It is also to be seen in T. 44 N., R. 32 W,. 
junl in Sees. 22 and 28. T. 42 X., II. 31 W. An analysis of such a dolomite 
serpentine product is given by Komiuger (No. 2). 

The Keweenawan series contains some large veins of calcite, and asso- 
(.'l;itL'd with the copper are sometimes crystals of calcite as pure and clear 
as Iceland s[>ar. I do not know of any vein, however, which could be an 
ii-iiiioraic producer of lime in a large way. 

II is not until we begin to get above the Potsdam sandstone toward 
ilii' Trenton that we begin to get calcareous beds again in a large way. 
Til'- Calciferous strata may he taken as a group of beds which form a 
transition from the sandstone to the almost purely calcareous Trenton. 
.Vjialyses seem to indicate! not over 54 per cent carbonate of lime and 
iioi less than 32 per cent nor more than 42 per cent of carbonate of 
nuif-nesia. There is generally considerable sand. Analyses by Bominger 
\'-i to 14) suggest that basic furnace linings might be obtained from tbe 
formation, and its outcrops along St. Mary's river would be readily 
accessible. It apt)ears also to be a durable building stone and in some 
cases has a tendency to oolitic structure. 

It is well exposed and could be easily quarried near Chatham, the 
I'pper Peninsula agricultural exi)eriment station. An analysis gave the 
clii'miBt:* 

IiuolableHuid(SIOi) » 

(PeAIi)0> 8 

CnCOa aa 

MgCOi 3£ 

Dmerence (wat«r BD<I organtc) 8 



Tlie ratio of lime to magnesia is similar to that in Bominger's analyses. 
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I see no reason why this would not make t-onverter linings. 

The Trenton formation, generally speaking, is less silicious, and while 
in a general way tliere is a great deal of dolomite in it, not infrequently 
we find streaks which are a high grade of limestone like Kominger's 
analysis (20) from the Escanaba river. I have heard of even purer 
material. The Trenton forms the northwest shore of Green bay, where 
it could easily be obtained, as well as on St. Mary's river. 

The next group of beds, the Cincinnati and Hudson river group, are 
usually spoken of as shales or shaly limestone. As a matter of fact, 
however, the only part where they are shown in oor State, where they 
run from the point which splits the upper end of Green bay, they are 
quite calcareous, as shown by Rominger's analysis 24 as well as Keonig'a 
tests below. 

For lime burning or for building, however, the beds are too argillaceous. 
There is a great deal of variation from bed to bed, and even along the 
beds. The argillaceous character of the beds suggests that they might 
be suitable for the manufacture of hydraulic cement. But the following 
series of tests shown me by Prof. G. A. Koenig of the Michigan College 
of Mines makes it probable that they are too irregular in composition 
for that purpose: 





».o,^„. 


Per cent. C«COi. 


-isr 


































































!:i:ia!: 





































































































Samples with the same number but a different letter are from the same 
level or horizon, but taken at different points. The residue is very largely 
insoluble, argillaceous. 

The Niagara limestones are a very well defined belt and in their best 
estate, shown in Rominger's analysis (No. 30), fairly free from anything 
but carbonates. They are characteristically very light colored, and the 
drillers have often referred to them as snow-white marble. We know 
from the records that they lie beneath the whole State, but their outcrop 
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is confined to the well marked ridge which separates Green bay from 
the rest of Lake Michigan and is frequently exposed clear to Drummond's 
Island. Some idea of their chemical character is given by Bomingera 
analyses Nob. 26 to 36, from which it will appear that usually they are 
dolomite, though analyses Xos. 30 and 31 indicate a limestone very low 
in magnesia, and he says that the white lenticular-like masses, between 
the beds of the Burnt Bluff section, are almost pure carbonate of lime. 
Other reports have come to me which show that there is doubtless quite 
high grade limestone in the series. 

On Sec. 16, T. 44 N., R. 7 E., on land belonging to Chase 8. Osbom. 
is an interesting group of caves in this limestone, which here appears to 
be exceptionally free from magnesia. Perhaps this has something to do 
with the origin of the caves. I visited them August 3, 1901. As they 
are approached from Ijewis Station to the south there is little or no relief, 
occasional sandy rises in the midst of swamps, until not far from the 
southeast corner of the section the trail passes between some small 
sinks, which are the entrance to several hundred feet of cave, low and 
flat, in general not over two or three feet high, but with a channel six 
to eight feet deep cut in beautiful meanders which slightly increase the 
size of loop as they cut down, and are barely wide enough for a man to 
walk in them. 

The stream finally falls by a cascade into a larger and picturesque 
sink hole about 30 feet deep, in which no outlet could be found. It was 
probably concealed by broken rock. 

About one-third mile north and one-fourth mile west the trail passes 
over a couple of sinks, the one to the west being much larger and show- 
ing under the road a fine portal to a larger cave, which was. however, at 
the time of our visit much fuller of water, though from what I learned 
I judged that it may have been a temporary choking up. 

Continuing north the country soon drops off more rapidly. 

This limestone is said to be very pure and suitable for the manufacture 
of calcium carbide. There must be a considerable area, with little 
stripping and easily drained. 

The Niagara limestone is also extensively exposed and has been burned 
for lime along the D,, S. 8, & A, railroad, not far off, from about one-half 
mile north of Ozark at frequent intervals on hills rising up to 40 feet 
above the track, which passes through a limestone a little more than a 
mile southeast of Ozark. It is white irregular crystalline, with corals 
such as Favosites, Cystiphyllum and Monticulipora. 

Then again at Palms, and Jere. Taylor's, one-half mile east, were 
quarries. The kilns supplied the Newberry charcoal iron furnaces, and 
stopped when they stopi)ed, but the lime is highly spoken of locally. 

The White Marble Lime Company of Manistique, Mich., is also making 
lime from the Niagara, and furnishes the following analysis: 



silica 

Iron and alamiuum.. . 

MagncBla 

KaSnoe 
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The freedom from insoluble matter is noteworthy. There are, how- 
ever, cherty and silicious layers in the Niagara. 

The amount of iron and alumina is in general the lowest of any 
formation. The most constant impurity, probably, ia a certain per cent 
of pure quartz sand, so pure that by itself it would make glass sand. 
The Niagara could be easily quarried at many points and readily handled 
by water. A curious bed of this limestone and all those below it- is 
caught and held in a very sharp fold a few miles from the head of Kewee- 
naw bay on Sees. 13, 14, 23, 24, T. 51 N., K. 35 W., and a hill near by. 
The Niagara is characterized by many well defined fossils, of which the 
"chain coral" is as familiar and easy to recognize as any. 

Above the beds of the Niagara come the beds of the Salina and Lower 
Helderberg series or, as 1 have called them all, the Monroe beds. At 
several points of this series dolomites and dolomitic marls occur. Around 
St. Ignace the series appears, and on Mackinac Island also, but it has 
mainly been developed in the exti-eme southeast part of the State, where 
it has been carefully studied by Prof. W. H, Sherzer in the Monroe 
county report." 

This region lies so close to the large cities of Detroit and Buffalo 
that it has been very extensively developed for building stone and for 
road matter, and to some extent for lime. The rock is in general silicious 
dolomite and seems to have more or less sand, and is sometimes marketed 
as sandstone, and indeed passes into it by degrees, as is shown by the 
following analyses from the Woolmith quarry, the third of which is dis- 
tinctively sandstone. Frequently large blocks have been quarried. 

Woolmith quarry analyses cited by Sherzer: 



fllllM 

Iron oxide uid alumln 
MagusBl* Ckrbonate. . . 
Calcium cftrbonftte — 
Difference 



Other analyses of dolomite along the line of the Pere Marquette are, 
according to General Manager S. T. Crapo: 



An analysis by J. D. Pennock of dolomite from a Baisinville quarry, 
claim 516, is as follows: 



Iron oilde and alumina. , . 

C&lRlnm carboD&te 

'^ - ' m niiph&te.., 



DlKr 



leetum carbonate. . . 



ADil^seg cited are on pp. S2, I 




'm 
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The Monroe Stone Company have a quarry about two oiifett horth of 
the city of Monroe which has given K. J. SuDdstrom the following 
results: 

1 ft. down. Ttt.dawn. 10 ft. down. 

SUIca .TO .08 .K 

Iron oxide and alumiiu .01 .c .31 

Cklcium rarbonftte M.M M.4T M.M 

Maoneil 
IMfferen 



An intereating feature of the dolomites of Monroe county is the pres- 
ence of considerable quantities of strontium, both the carbonate stron- 
tianite and the sulphate celestite. These are also found on the islands of 
Lake Erie. A^ide from their value as a source for red fire, they could 
replace lime to great advantage in the manufacture of beet sugar. No 
analyses for strontium are known to me, so that 1 have assisted Mr. 
W. K. Wonders of the Agricultural College in collecting material for a 
thesis on this subject. 

The places in Monroe county where the dolomites of the Helderberg 
series are mainly worked are around Monroe (near which are a number 
of quarries), Brest, La Salle, near Samaria on the Ann Arbor line, and 
around and near Whiteford, The only one of these places where the 
industry is carried on on a large scale is Monroe, where there are lime 
kilns and rock crushers. The Monroe rock is a dolomite which shows 
by analysis for H. H, Dow by A. W, Smith: 

Calcium orbouite M.4' 

iDMlDble Ill 

Iron and alamina -1< 

MaKDetliun caTboDKW *3-t! 

It yields a limestone which slakes slowly, does not develop much heat, 
and cannot take much sand. From Monroe county in 1899 some 55,706 
tons were shipped. The usefulness of some beds is greatly impaired by a 
brecciated character. They are real limestone conglomerates. The brec- 
ciated and conglomerate character is even more conspicuous in the north- 
em part of the State around Mackinac Island, and renders much of the 
rock useless for any purpose. Roniinger's analyses 37 to 41 show that 
the rock here also is a typical dolomite. 

Next above these beds come beds which contain more calcium carbon- 
ate; in fact I have drawn the line between the Dundee and Monroe, so 
as to make it coincide with the division between the limestones of the 
upper Helderberg or Corniferous and the dolomite of the lower Helder- 
berg or Waterlime (Manlius). This difference in chemical character 
appears quite uniform throughout the State, as is shown by very numer- 
ous qualitative tests on drill borings as well as the quantitative analyses 
given. The purer Dundee limestones are one of the important horizons 
of the State, which I think will be even more developed in the future. 
The most extensive quarry is that of the Sibley Quarry Company of 
Detroit river, in the south part of Wayne county. 

All through this region we find this general distinction between the 
Dundee or Corniferous, running high in calcium carbonate, and lower 
Helderberg or Monroe beds, with low per cent. I may state that at " 
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MoDi-oe there is about 50 per cent of calcium carbonate, at Gibraltar and 
GroBBe Isle 62 per cent, at Newport and Brest eomewbat bigber, about 
SO to 84 per cent, and at Amberstbupg 92 per cent, while the Sibley 
quarry probably ruuB best of all with 94 to 98 per cent of calcium car- 
bonate. The 9-foot blue bed, it is said, can be so picked as to give 98 per 
cent, guaranteed at each ehipment. Below are given Bome of the analyseB 
from some of the beds of the Sibley Quarry Company, It will be noticed 
that not all are higb in calcium carbonates, but are useful for macadam, 
lime, building stone and other purposes, while the beds high in calcium 
carbonate are reserved for chemical purposes. 

The region along the Detroit river is very well suited for such indus- 
tries, for it is on the water, has ample railroad facilities, has the high 
grade limestone of the Sibley ijuarry, and by boring 800 or more feet 
down an indefinite supply of rocl^ salt can be obtained. Some of the 
beds are of great thickness as is shown by the record of the well at 
Royal Oak, given in Vol. V of our reports, and records elsewhere printed 
in these reports. The oniy well of which we have an accurate record, 
which has passed clear tbrou^b tbe salt, is that at ^Vyandotte, which 
is reported in the same volume and reached Trenton rock at 2610 feet. 
Suffice it to say that from 800 to 1500 feet down there is a very large 
supply of rock salt. The use of carbonic oxide for the making of soda 
is so extensive that the calcium chloride becomes a product which is 
manufactured faster than it can be used. The Solvay Process people, 
who are manufacturing soda at the old exposition grounds, are using 
the chloride of cal<^ium to make land and redeem a marsh, known. as 
Zug Island, good property. Calcium chloride is used as the basis of a 
number of artificial stones. It is also employed in refrigeration, as 
calcium chloride can be circulated through pipes at a very low temper- 
ature with no danger of freezing. But this is not the only use for tbe 
Sibley limestone. Michigan has within two or three years leaped into 
prominence as a producer of beet sugar. It has just the right climate, 
many of the hard lake-clay soils with a light coating of sand on top, 
have just the right character for the growth of sugar beets. And there 
is a good German population who are not afraid to work and make good 
growers of the beets. Consequently we have a number of factories 
established at Kalamazoo, Rochester, Alma, Lansing and elsewhere, 
which largely depend \ipon the Sibley quarry for their supply of calcium 
carbonate. 

The soda ash men, who originally planned to manufacture soda ash 
here, have probably got a better thing in their limestone quarry than in 
the manufacture of soda. The drillings here show clearly and sharply 
by the sudden rises in magnesia the line between tbe Dundee and Monroe 
(Corniferous and Waterlime), and tbe very best beds run over 98 per 
cent of lime. A section of the quarry will be as follows: 

A. 6-foot bed of limestone, thin layered, very fossiliferous and a high 
grade limestone. 

B. 7-foot bed, 2 to 11 inches thick, more coarsely crystalline, some- 
what pyritic, not so conspicuously fossiliferous. 

C. 2 feet limestone witli much cystiphyllum. 

D. 5 feet limestone with a de])osit of black carbonaceous material 
full of crinoids and bryo^oa. 
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E. 6 feet limestone, almoBt solid mam of crinoid joints, brvozoa, 
corals, aod brachiopods. ]!et«-eeD D and E there is also a carbonaceous 
deposit. 

F. 14-iiicb bed, mainly of cliert, whicb contains onlv 3 per cent or so of 
CaCO,. 

G. B feet limeatoue, light gray and full of crinoids, etc, 

H. 2-foot bed of chert about 30 inches thick, very friable, of a hard, 
ringiug, impure matrii. when sent to the crushera. 

I. 9 feet pure limestone, supposed to be the best bed of the quarry 
and frequently runs over !tS per cent of calcium carbonate. 

J. (i-foot inagnesian bed. It is magnesian only, however, in com- 
parison with I, for it is really a fairly pure limestone but not so pure as 1. 

K. 8-foot bed of limestone full of the usual fossils. A thin bed as 
exposed and good for lime or building purposes. Prospect holes sunk 
from bed 1 show limestone for $13 feet and for Hi feet down cak-iuiu 
carbonate from 81 to 93 per cent, magnesia from 2i/o to 16 per cent, and 
silica from 0.73 to 7.24 per cent. 

Below this we And a sudden drop in cnloiam carbonate, wbicli 
runs from 54.27 to 70.54, while the magnesia carbonate runs from 23.4U 
to 43 per cent. 

Analyses of lintestone from the Sibley Quarry Company, K, J. Sund- 
strom, chemist : 



A »U. Mpbed 

) 6 ft. gray and blue bed 

; 2 ft. bine bed 

> B ft. blue bed 

f j 8 ft. bine bed upper 

) e rt. blue bed lower. 

I xft. nint^bedandall nint beds 

stt. blue bed 

' Magnesikbed 

C 8ft. blaeand gny bod.-...--,--..-..--,...-.. 

10 ft. blue bed 

FKntf la; er top of 8 ft. bed and top of 10 ft. b 

6 ft. lower bed 



Trace 1.01 
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Analysis of different beds in tUe Sibley (juarry: 

Kiln b«d ; S f t. blue b«d. 

CaCOi »*■*>» 

MgCOt - iltO 

Alt Oi TniMi. 

SiO, 2-»m 

luo.oixi 

Five foot oppec b«d, dried. 

CsCOs 91. IB 

MgClh *.8T 

AhOi 

Fet Oj I.9» 

81 Oi 1.09 





C«CO,. 


HgCO) 


Al,Oi. 


81 0,. 


Dlff. 


Bed N aw bulk 


89.T 
80. 3S 

si.w 

TO.M 


14. 05 
J.M 

e.i9 

14.M 


2.M 
4.TB 


2.00 

S.29 
3.02 
2.« 


1GB 


Bed K 1 W t>u>k 


I SI 








IM 




Dried 


ijtop 
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Very much tlie same limestone beds as those of the Sibley quarry are 
exposed on Macon river and have been quite fully described by Rominger 
(analyses 46 to 47) and Sherzer, wlio quotes, p. 76, the following analyses, 
the first four by G. A. Kirschmeier, the two latter by K. J. Sundstrom: 





Bed A. 


.«.. 


«-c. 


BedD. 




6.87 
.W 

i.m 

.00 


86.80% 

ii.eo 


~,B0% 
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1,(3 
.02 


96.00% 
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Ornnl 






.36 


.. 





Calcium qarbciute 96.10% 

Magneilum carbankte 83 

flllRk 10 

Iron nxlde ftnd alumina 



The drainage and transportation facilities of these quarries are not 
as good as at the Sibley quarry. 

When we pass to the northern part of the State we find indications of 
the same contrast of limestone and dulomiie between the Dundee and 
Monroe (Corniferous and Waterlinie). The Dundee or Corniferous 
extends from the Straits of Mackinac and tlie islands west of I'resqne Isle 
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north of Grand lake in Alpena county. But in this northern part a group 
of rocks not conspicuous in Wayne and Monroe counties are important — 
the Traverse group, full of fossils, of considerable economic value, corre- 
sponding more or lees closely to the Hamilton and Marcellus (Erian) of 
New York. Mr. A. W, Graban has recently begun to work them up in 
some detail for ue and his preliminary report follows. 

We leave to him these limestones, and above there are no more lime- 
stones of commercial importance for quite a long distance. There are, 
to be sure, nodules of lime in the Devonian black shales* which are quite 
pure carbonates of lime, with some organic matter, and in the shales of 
the Carboniferous likewise, we find nodules and bands of carbonate 
That are in most cases mainly carbonates of iron. They have 
been used from time to time for iron manufacture, but it is very doubtful 
if there is anything commercial. When we get up higher to the beds- 
in which the famous Grand Rapids gypsum beds occur, at the horizon of 
the Burlington aud Keokuk of the Mississippi valley, we find limestone 
again. This time it appears very much like the cement rock of Mil- 
waukee and, although it has never been developed for this purpose, a 
fair quality of rock cement could doubtless be made from it. Portland 
cement will probably replace rock cement in this neighborhood, however. 
The moat promising place to investigate this limestone would be 
in the neighborhood of the gypsum quarries of Grand Rapids and along 
l^^aginaw bay. in Iosco and Arenac counties,t iu Huron county near 
Soule and Oak Point, aud also in the valley of the Cass near Cass City. 

Above the Michigan series wv come to a much more important lime- 
stone horizon, which has been extensively quarried at Grand Rapids and 
IB now quarried at Bellevue, Bayport and Arenac county. It corre- 
sponds in part to the Ht. Louis limestone and the Mazville limestone of 
Ohio, aud contains some layers which ai-e nearly pure limestone. There is 
some dolomite and other layern ai-e more or less argillaceous, and it 
tends, however, to be rather silicious and often pyritic. Some of the 
layers are veiy massive and hard, with practically no porosity, as shown 
by tests which 1 have made myself as well aa by those made by Prof. 
Johnson. Below we give three analyses of the Bayport limestone, two 
of calcareous beds and one of dolomite, and among Rominger's analyses 
(52. 53) will be found some analyses of the Bellevue quarry of limestone 
aud dolomite. The Bellevue quarry is said to cover 300 acres and to 
run 90 per cent of lime. Over iJOO men are employed iu the quarry with 
two trains a day, and about 700 tons of rock are shipped to Wyandotte, 
for this quarry is owned by the Michigan Alkali Company (the Fordsi- 
The plant is said to have a capacity for crushing 2.000 tons daily. The 
main building is 44xf)S feet, 50 feet to plate, with a power house 30x60 
feet. It has its own electrical plant, owns 200 railroad cars of its own 
and ships about 25 carloads daily to Wyandotte. This stone is there 
used in the manufacture of soda ash, including baking powder. The 
soda ash is used in making plate glass. The supply is practically inei- 
bauslible, or at least will give constant employment to a force as large 
;is the present for a long time, it is said. The rock lies only about two 
feet below the surface and is from 1ft to 20 feet thick. T'nderneath this 

■ Sfp KornlngT's nnnKHi" Nu. j(i. below, also Brtlile br B. A. Dnl; In th« Joarntl ot 
lieology Vol. Vfll, No. 1, p. 137. 
1 Be« Gregorys report. 
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IB a blue rock which, with the refuse from the limestone, is used for 
macadam pavement. It is eaid to be rather soft and very duBty for use 
on city streets. 

The limestone is also combined with mud from Detroit river and 
burned to make Portland cement. 

The largest quarry next to the Bellevue quarry, probably larger in fact, 
one certainly which has been worked vigorously for over a decade, is 
that at Itayport. The main quarry is on Sec. 5, T. 16 N., R. 10 E., but the 
limestone upon which it stands extends from section 22 to the lake 
shore and is also found on North Island of Wild Fowl bay, where a 
small quarry was opened some years ago. The Bayport stone seems to 
be, if anything, harder and more massive than at Bellevue. We find 
the range from limestones which have SO per cent and over of carbonate 
of lime to those which are dolomite, as shown in the analyses below. 

ANALYSES FROM THE BATPOUT QL'ABBV. 



4.M 20.W 



_l«of lime Bl.ftM 

C>rlH)iut« of m>gUMl& .&U 

PbosptiBte nf Ume Trmtes 

BlBUlphala of Iron / 1.334 



The crushing strength as determined at the Watertowu arsenal was 
26,000 pounds per Sfiuare inch, the weight ITO pounds per cubjc foot 
and the specific gravity '2.72. I am inclined to think that there is gen- 
erally less sulphur than at the Bellevue quarry. The material has so far 
been mainly used for quicklime, macadam and building stone, and I see 
no reason why it should not make a good blast furnace material, and it 
must be remembered that it is only a few miles from coal mines. 

On the other side of the bay we have extensive exposures of limestone 
in Au Ores township, and thus northwest. There are a number of half- 
opened quarries on the line of the Detroit k Mackinac R. R., about three 
miles southeast of Omer.* Just south of Omer, near Arenac postoflBce, 
an extension of this limestone gave the Dow Chemical Company the fol- 
lowing analysis: 

CUclom carbonate M.8 

MagDMlum ■' 1.1 

ln«n]uble 1 .T 

Organic matMrby clUTerence l.S 

100.0% 

It would seem quite possible that in this region the limestone 
quarry business might be largely developed since it is convenient to 
water and not very far from railroads nor from coal, sugar and alkali 
works. The same limestone occurs in the neighborhood of Grand Rap- 
ids, and in fact the ledge makes the rapids from which the city takes 
its name. The beds have been worked for building stone both on the 
river and at other points. Many of the older qnarries are built over so 

S N. M. Gregory, pp. 12-18. Mr, Griffin's quarry Is th« moaC 
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an not to be acceBsible. As usual a certain amount of sulphide of iroa 
in found. Some of the older quarries are on Davis street, Taylor street 
jiD(t Myrtle street.* Three or four miles south, the limestone is near 
tlie surface and contains about 93 per cent of calcium carbonate. 

The limestones abore this in the coal measui-es are little known. 
Thi're are not infrequently bands and nodules of carbonate of iron, but 
nothing of commercial value has been developed. In fact no practical 
investigations have ever been made, but if the manufacture of iron were 
on<'e fairly undertaken in the Saginaw valley, which would be an excel- 
lent place for it, I think some attention might be given to these black 
band ores. 

Beside the limestone already described there is one very important 
form of lime which is generally and rather improperly called marl. The 
marl of Michigan, which has been eagerly sought for in the manufacture 
(if Portland cement, has more properly been called ''bog lime," and might 
well be called lake lime. It is not at all what is ordinarily known as 
marl, for there is very little clay in it. and in fact the quality that is 
.nought has practically iio clay, but it is a nearly pure cartwnate of lime 
f.nmd in the shape of an ooze at the bottom of a great many Michigan 
Ijikes, It is nearly white, sticky and slimy, and in that respect differs 
fnim calcareous tufa but is quite as pure as tufa. There is usually a 
xmall amount of silica, introduced by diatoms or as sand, and a smaller 
niiiiiuDt of insoluble iron and alumina. There is always considerable 
organic matter which may be combined directly with the lime. Tlie 
iiniaunt of magnesia varies. The following analysis by Lathbury and 
Spnckman fairly represents the composition of the marl after the water 
aud organic matter are driven off: 

Ckiboiute of lime XM 

" " mkgneila LOO 

iron^ndaiiiinhui!!!!!!!!;!!!!!!!!!!!!;!!!!!!!!!;!;;!;;!;;!^!!!!"!!""";!!!!!;!!!' '.xt 
Snlphurfc acid M 

The analyses of marl are rather hard to compare on account of the 
tmcertain amount of water and organic matter which will appear in the 
sjiinplea and the different way in which they are treated by different 
chimists. A certain amount of organic matter appears to be inherent 
lo the marl, and indeed combined with the lime, but another part may 
l>e introduced from the layer of peat and muck overlying in the process 
of taking the sample. The maiu use of this marl has been in the manu- 
fiuture of Portland cement, an industry now well established in Mich- 
\'^im which indeed bids fair to be overdone in time. Deposits of marl 
;iL'i' very abundant and many of them very extensive and of good quality. 
It looks as though those plants would survive in the long run which are 
ivi'll situated in regard to market and a suitable coal as well as a marl, 
jinil are properly managed. The coal for the manufacture of Portland 
icnient should be of uniform quality and as free as possible from sulphur, 
iiinl few if any of the surface coals fulfil this condition. 

The following groups of nmrl analyses ai-e furnished by W, M. Courtis, 
M, E., of Detroit, Many more will be found in Mr. Hale's leport on marl: 

•See pp. lii; and 6j of thp First Itsport of tbe MIchLgan Acad, of Science. C. A. Whltlemore. 
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CarboiuM nl mBgueiit . . 
CBTboute of Ume Ui bftl& 
Salphur 



FROM ALPENA COUNTY. MICHIGAN. 



C&rb. of lime.. . 



Alamiiw 

Ferric oxide... 
Salpbarti: acid 
Orfkulc matte: 



"Water lott at 100 degree*. . . 



WEAR ORAVLING. HICHIOAN.* 

(Average mnple.) 



Calcium carbonate. . . 
Hignealnm 
Sulphuric acid 



(Same sample flgured wItboDt tb 



Calclam carb... 



Ferric oxide . . 
^olpbuTic avid 



CABS CITY, MICHIGAN. 



SulpDUTic acid 

-Organic matter 

LoiiOD IgDitlon.. 



Hagneala.. . 
Alumina , ■ . 



SalpbuiJcaclil... 
LonionlgnttloD. 
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ANALYSES BY C. ROMINGEB. 
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LOCATION OF SPECIUENS. 

Specimen of Archean dolomite from Sturgeon river, near the Breen 

mine, of flesh color and free from silicious »eams. 
Bpecimen of the more compact kind of dolomite formed from decoui- 

poBed peridotite, of Hesh-i^ color. 
Dolomites forming the top stratum of Bulphup Island. 
CalclferouB formationB, Grand KapidB of Menominee i-iver, lowest 

strata above the sand rock of oolitic structure. 
Variegated limestone, stratum No. 3 of the Grand Bapids section. 
Upper strata at Grand Bapida of Menominee river. 
Arenaceous limestone, with Lingula antiqua, from Escanaba river. 
Lowest brecciated limestone, near the forks of the Escanaba river. 
Dolomite from the forks of the Escanaba river. 
Falls of Au Train river, calciferous sand rock. 
Mud lake, three miles south of Au Train river falls, calciferous 

sand rock. 
West Anebish Rapids, calciferous dolomite. 
Calciferous strata on top of the ravine near Munising furnace, 

Grand Island bay. 
Calciferous strata from coaling station No. 3 of Muniaing furnace, 

pure dolomite stratum. 
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15. Dolomites forming the upper beds of the Trenton group, at the 

mouth of the Escanaba river. 

16. Wedge-shaped limeBtone of the Esranaba river, next following the 

former dolomiteB. 

17. FoBsiliferouB, shaly and arenaceous limestone, next below the 

wedge-shaped limestone of the Escanaba river, 

18. Limestone containing Orlhoccraa proteiforme of the Escanaba river. 

19. Lowest beds of the Trenton group on the Escanaba river, containing 

Cyrtodouta. 

20. Dolomite of the Trenton group on Whiteflsh river, two miles above 

the saw mill. 

21. Upper limestone of EneanipmeDt b'OurB. with Orthoceras protei- 

forme. 

22. Blue limestone with smooth conchoidal fractures, forming the 

middle strata of the Trenton group on St. Joseph's Island. 

23. Lowest sandy beds on Ht. Josephs, containing Cyrtodonta shells. 

24. Argillaceous limestone from the Hudson river group of Bay de 

Noquette. 

25. ^\'hite crystalline dolomite from the middle division of the Niagara 

group from the Lake Huron shore, one mile east of Pine river. 
This is typical Guelph dolomite. 

26. Light gray colored dolomite from the middle division at Point Detour 

on Kt. Mary's river. 

27. Dolomite forming the top stratum at Marblehead, Drummond's 

Island. 

28. Upper part of Marblehead quarry of laminated structure with 

absorbent earthy structure. 

29. Lower beds of Marblehead quarry. Drummond Island. 

30. Limestone from the section of Marblehead with acicular cavities 

(vide description below). 

31. Limestone from the Marblehead section, 30 feet below the acicular 

limestone, described as nodular bituminous limestone containing 
fossils. 

32. Lowest beds in the Marblehead section. 

33. Loose slab on the west side of Sitgreaves' bay, immediately above 

the Hudson river group strata, Drummond's Island. 

34. Quarry Point on the west side of Drummond's Island, quarry stone 

of laminated structure. 

35. Sole bed of the same quarry of more crystalline structure than 

specimen No. 10. 

36. Lowest strata of Burnt Bluff of Big Bay de Noquette. The white 

marble-like masses embedded between them are almost chemically 
pure Ca CO,. 

37. Dolomite in the bed of Carp river. 

38. Variegated marl of St, Martin's Island. 

39. Dolomite from gypsum quarries of Point aux Chines. 
10, Exposure on the east side of Mackinac, close to water level, 
tl. Oolitic dolomite from Plum creek. 

12. Compact dolomite rock mottled with light and dark blue cloudy 

specks. Sec. Ifi, Ida township, Monroe county. 
43. Calcareous sandstone, same quarry two miles west of Ida. 
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44. Dolomite with acicular crjstule. 

45. Blanchart's farm, Mackinaw. 

46. Principal quarry stone of the Helderberg group, MacoD river, Chris- 

tiaucy quarry, 

47. Better quarry stone of the Helderberg group, Macon river, Chris- 
fiaucy quarries. 

■ Khagashewung Point dolomite. 
Norwood dolomite. 
Concretions of granular limestone structure, from the shaleB of 

Norwood. 
Non-fossiliferous portions of rock at the Grandville quarries. 
Beilevue limestone. 

Brown dolomite rock of the Beilevue quarries. 
Brown cellulose dolomite rock, a short diBtance northeast of Parma 

village. 
On Mr. Shoemaker's land, in Summit township, three miles south of 

Jackson. 
Limestone of Portage river, 



48. . 



r.3. 

54. 
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STRATIGRAPHY OF THE TRAVERSE CRODP OF MICHIGAN. 



BY AMADKUS ^V. GHABAIT. 
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STRATIGHAPHY OF TBE TRAVERSE GROUP OF MICHIGAN. 



BY AMADEt;S W. GRABAU. 



INTRODUCTORY. 

The field work on whidi the following account of the Travei-ne ^^roiip 
i>f Michigan is based, was done iu the late aumuier of IQllO and diii'lng 
a part of the lield season of lUUl. Ten da,V8 wcte spent in 19(H) iu thi- 
Alpena region in company with Mr. \V. F, Cooiwr of the Michigan 
Geological Survey, and four weeks in 1001 (July 2(1 to August 21) in 
the Alpena and Petoskey regions in company with Mr. H, \V. Shinier, 
assistant in Palieontology in Columbia University, New York city. The 
field investigations during the first season were carried on under the 
auspices of the Geological Survey of Michigan and with the cooperation 
of the State Geologist, Ur. A. C. Lane; those of the second season, nndi-r 
the same auspices, with additional cooperation of the Geological Depart- 
ment of Columbia University, this department defraying Mr. Khimer's 
field expenses. The work in the Alpena region during both field seasonn 
was greatly facilitated by the active interest of several prominent Alpuna 
citizens. Foremost among these is Mr. \V. H. Johnson, who almost daily 
assisted us in our work, and whose intimate knowledge of the region 
enabled him to either personally conduct us, or direct us to the importan! 
outcrops of fossiliferous beds. It is but fitting that we shonid express 
our personal tlmnks to Mr. Johnson, for the many courtesies he slioweil 
us, in addition to calling attention to the efficient manner in which he 
has aided the prosecution of the work carried on for the State. Mr, 
Monaghan of the Alpena Portland Cement Company and Messrs. F, M, 
Haldeman. sui>erintendent, and L, H. Ludlow, chemist, of the cement com- 
pany, also put us undei- obligation by furnisliing us with analyses of the 
various limestones and clays. Mr, Ludlow's lively interest in our investi- 
gations, and his constant readiness to aid us, is one of the pleasant recol- 
lections of our field experiences. Capt. John T). Persons of the Thunder 
Bay Island life saving department showed ns numerous courtesies during 
our examination of that and the neighboring Sugar Island, during which 
time we were his guests. To all these gentlemen our sincei-e thanks are 
herewith tendei-ed. 

PREVIOL'S WORK. 

The work of only a few investigators in this region need be noted iu 
this connection.' In his report of 1860, Professor Alexander Wincbell 



■ In 1823 Dr. J. J. Blgsby r 
the LoDdoD G«>l0Klca1 Societ 
dfBcrlbed, p. 201. bb welT as i 



6 Dotfs on the Geogrnpb; and Gcolnfcr •>( Lnke H 
Ld wblcb tb« rrvsciue lale Hnd Middle lolaDd I 
t about Mackinac, p. 104, and tbose on the norCb 
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devoted tliree piigcs ty tho Hamilton group of Michigan. In 1866 he 
insiied his report on tin- Grand Traverse region, in whith he devoted leas 
tlian ti'U pages to tlio Hamiltou group. On the accompanying map he 
fjivfs eight loi'aiities where typical exposures may be seen. Frequent 
n-fii-ence to this i-epoit will be made in the discussion of the Petoskey 
icfrion. I^ter, in the same year, api>eared an appendix to the report on 
lin- (iiand Traverse region, by the same author. In this pamphlet of 
liftcen pages lie gives a rorrelation of the various beds described previ- 
iitiitly, and a table sliuwing the vertical distribution of the various species, 
lie furtliermoi-e gives brief descriptions without illustrations of sixty- 
Iwii species of fossils not Iw'fore recognized. The illustrations prepared 
to jiccompany this report were never published. 

Ill 1875, Professcu' X. II. U'inehell* published a brief account of the 
n-gion of Olieboygan and (Hd Mackinac. He gives a succession of the 
l»-d» of this region, with incidental mention of the Alpena region. In 
IS7(i (Proc. Am. Ass. Adv. Sci., II, 57-59) the same author gave a brief 
aii'iiunt of the piirallelism of Devonian outcrops in Michigan and Ohio. 
Ill both thew? pajH-rs the Dundee and I.rfiwer Traverse beds were referred 
111 the waterlime, on account of the litbologic similarity. 

Ill the Heport on the (.ieology of the Lower Peninsula of Michigan, Dr. 
('all Kominger'' gives the most complete account of the Hamilton or 
Traverse group of Mi<-higan theretofore published. Twenty-six pages of 
(he report are devoted to the Hamilton group, all the most important 
"iilcrops on Imth sides of the Peninsula being described. Notes are also 
;;ivcn on prominent internntliate localities. In the second part of the 
viiliinie, which is devoted to the description of fossil corals, Rorainger 
ilesi-ribes a large number of species, many of them new, from the Traverse 
l"'ds of Michigan. 

Mr. Lane, in ISltS (Ueol. Surv. Micb., Vol. 5, pt. li, the Geology of 
Lower Michigan with Reference to Deep Borings, p. 24), gives a brief 
iin-Dimt of the Traverse grouji. in which he proposes to change the name 
l.il tie Traverse, empltiyiHl by Svincbell, to Traverse group. The numerous 
si-ilions given at the end of the volume give the thickness and relative 
liijsilion below the surlai-e of these beds in various parts of the State. 
A lirief i-ecoid of the Cluinhill well in Alpena was published bv Lane 
in IS90.* 

My own studies of this region began in lilflO, when I made a brief 
<'xaniinatioii of the .Mpena region, the ivsnlt of which is embodied in a 
iipiiit published in the American fJeologist, Vol. 28, pp. 177-189, for 
Sijitember, 19III, under the title of "A Preliminary Geologic Section in 
.\ Ijicna and Presqne lule Counties, Michigan." The second season's work 
ciinsistc*] in examining ceitain of the 19 localities of 1900 and of the 
Hludy of :y2 additional onew, making a total of 51. While a considerable 
number of localities still reiimin unexamined, it is nevertheless believed 
-that enough has been done to permit of a preliminary analysis of thc 
Traverse group of Michigan. The complete analysis must, of course, be 
preceded by a careful study of additional localities and of the fossils 

'Twrtflh Annnm nciicirt ot llie Sinle Board of Agrkultuce. Ulch.. for 18T3, pp. 103-107. 
Til? report Ib dnled 1H71. 

' 1870. (Jeol. SuPV. Mlc-li., Vul. .1. 

p. '>4N After H visit the previous nlnler. 
of the reeorda herein coniBlned. See also 
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collected, a work wLicli will require some consideriible time. The list 
of species given in tliis report for tlie vnrioiin beds in cacli ItK'idity 
include only the common or more readily recopnizA'd tyi)e». In general 
these may be considered the type fossils of the beds described, nItbout;h 
it will be observed that many of the«e species have a wide vertical ranjie. 
The preparation of an exhaustive report on the PaliPontoIopy «f the 
Traverse group of Michigan has been begun, and it is hoped that the 
vertical range of at least the majority of s)iecie8 may be determined. 
The conclusions herein given, in so far as tbey depend upon paheontologie 
research, must be considei-ed as tentative and subject to modification, 
should the final studies of the fauna demand it. 



A. 



DESCRIPTION OP LOCALITIES. 
.Upena (Thunder Bay to I'lotqtie Jsh:) Kcgioii. 



During Ihe first season's field work a north and snntb section was 
prepared extending northward from Ali>ena. An account of this was 
published with brief descriptions of I'J localities along the section," and 
this account, together with additional notes, is here included. 

As no topographical map was available, the profile of the country 
along the section bad to be pi-epared in the field, at the time the geological 
data were collected. Distances were measured by nu'nns of a cyclometer 
attached to the bicycle, which was the only conveyance employed in 
the field. To eliminate errors due to unevenm>s8 of the conntry and to 
other causes, the cyclometer readings were checked by special readings 
on the section lines. Klevations were obtaiued by reading the aneroid 
barometer at all the stations, as often as these stations were passed, and 
correcting these readings by the barograph record obtaiued from a sta- 
tionary instrument at .\lpena. Owing to the length of the section, the 
barograph corrections did not always prove satisfactory, especially as 
several severe atmospheric disturbances affected the aneroid in the 
northern part of the section, which were felt to a less degree at Alpena, 
where their record was obtained by the barograph, 

l/ICATIOX AXI) KXTKXT OF Tm: SWTION. 

The section is located iu Alpena and I'resipie Isle counties. Michigan. 
It runs north from the city of Al|)ena along the meridian of Ki° 2.V 
longitude west of Greenwich, and forms the western boundary of the 
eastern third of range 8 E. It extends through the whole of township 
32 and 33 north and parts of townships 31 and 34 north. The total 
length of the section is nearly eighteen miles, but the distance covered in 
its preparation was nearly double that. 

The section is interrupted near the middle by Long lake, and it passes 
by the eastern end of Grand lake. It strikes the shore of I-ake Huron 
about four miles southeast of Presqno Isle light. About one half of the 
line of the section is along a north-south road. 

*Loc. e\t. lor Ibese lacalllLcH ronsult the map PI. VII. 
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TOroGRAPIlY OF THE SECTION. 

In tlu^ following lable tbe distancey between stations as calculated 
nun the cycloniettT ivadin^fs are given. The elevations given are cal- 
itlated from the aneroid readings and corrected by the barograph read- 
iiir«. The i-esulting elevsitions are tfaose of the various stations above tlie 
iiiiin level of Lake Huron, which is taken as 580 feet above the sea. 



station, number kod lo 



1. Tliun<1«rB«y 

:.'. Itnund Home. 

;t Sec. 10, N. E. Cor 

4 Soc. 10, E. llDe bUfl or Icrrnec 

G. Bee. line t'>p ot terrace 

n. SKI. 10, N. E. Cor 

7 Sec. 3, E. liDB, bueottemce 

H. Section line top at terrace 

B. Sec. 3, end romd running west 

iiii. OCwtonBune, top of terrace 

ID. Sec. 3, E. line, bine of terrai'e 

II. Section line top of terrace 

i'i. 8ec.3, E line tap terrace 

l:i Sen. 3, N, E. corner, roail riinnlnevest... 

IS. Hec. 36, W.Une 

Ifi Kec. M. N. E. comer , 

17. Stc.n, E. line top of terrace 

ix. See. 27, E. line, base of terrace 

III. Section line, ontcrop 

■J«. Sep. W, W. line - . . 



1 tl<n creek bridge 

I Sec. 23, north line, center 

Read east of Long Lake 

See. 3, E. Hue 

KeL-. 3,enil road running west... 
. See.3,E.llne 

SeE.3,E. line, top of rlilge 
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Of the stations here recorded, Xos. 1 to 23, aud Nos. 27 to 35, are on 
the section line; the others are eithei' to the east or the west of the sec- 
tion line. From these data, the accompanying profiie of tlie section 
(Plate VII) has been constructed. 

From a careful plotting, it appears that Long lake and Grand lake 
lie along the outcrops of shale beds of considerable thickness. The 
valleys of these two lakes, therefore, which extend along the strike of 
the strata, represent longitudinal lowlands, carved by streams of the 
subsequent type oat of the softer strata. 

From an inspection of the section it will be seen that it crosses a 
number of terraces of gentle southward and steep northward descent, 
separated by lowlands of greater or leas extent. The greatest of these 
lowlands is occupied by l^ong lake and (Jrand lake, while others are 
occupied by streamlets. The terraces and accompanying lowlands may 
be traced northwestward and southeastward along the strike of the 
strata, the former marking the outcrops of the resistant strata, while 
the latter mark the softer beds. In a number of cases the northeastern 
face of the terrace is an abrupt clilf, a good example of which is shown 
on the south shore of Grand lake. The topographic elements thus pro- 
ducetl are a series of minor cuestas {W, M. Davis) and lowlands, such 
as are normally developed in regions made up of nearly horizontal strata 
of alternating hardness. From the soundings of the Lake Suney Charts 
it becomes evident that a cnesta of considerable magnitude, formed by 
the lower strata of this region, can be traced across Lake Huron from 
a little east of Presque Isle to the Canadian shore above Goderich.' 

Similar alternations of terrace and lowland are found south of Alpena, 
though they are in general less pronounced. One or more of the low- 
lands is followed by Thunder Bay river in portions of its course.' 



•Sec OrahflM. Hull. S. Y. Statf Mas. So. 4.".. p. .'>4. 
'It mar be not»tt (bat Ibe fllrcetlon ot irenwal Ice advance 
sides would pearlr harmonize witb preglaclnl structural forms.- 



En BUCh tbnt tbe «hoclf and ler 
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TOPtXJBAPHY OP THE SHORE LINE. 

The shore liue iu this portion of the peninsula is generally low and 
not'lufi-equently swanipv. This is especially true of the Thunder bay 
i-^on south of Alpena as far as I'artridge Point, at which place bluffs 
nbout 12 feet in height front the lake. At only one locality between Alpena 
and Partridge Point are rocks exposed atung the shore. This is at 
Htony Point, immediately south of Alpena, where low ledges, generally 
submerged, appear on the lake shore. No rock exposures have been 
observed along the north shore of Thunder bay except in the eastern- 
most portion. Here Thunder Bay Island and Sugar Island show ledges, 
though the relief is very slight. Kock clifEs are found at the head of 
Misery or Little Thunder bay, forming the walls of a large sink hole. 
Other ledges occur at intervals along the shore; most of these, however, 
are low, or even submerged. The northeast shore of Presque Isle and 
False Fresque Isle extend along the strike of a resistant limestone bed 
(Dundee), which, however, does not rise into cliffs. The same bed prob- 
ably forms the eastern shore of Middle Island. 

The strike of the strata of this region is approximately northwest and 
southeast, Tlie dip is 42 feet to the mile toward the southwest. This 
is equivalent to 30 feet to the mile along the line of the section. 



STRATKiKAI'HY OF THE 



rER.V (AI.l'ENAl RKCIOX. 
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Owing to the extensive drift coverings of this region, rock exiwsures 
are corapiirativelj rare, and are confined to roadside cuttings, nuarries 
and the few natural exposures, which are found along the tops of the 
terraces and on the shore. From well records, however, we gain a 
knowledge of the succession of beds, and of the thickness of the various 
members. Taking this as the foundation of the stratigraphic work for 
this region, we may attempt a correlation of those beds which crop out 
on the surface, with those recorded in the well. Lithic characteristics 
will have to be relied upon in such a correlation, and for the area cov- 
ered by this section, these may be considered reliable. This is especially 
the case, since all the strata entering into the section are off-shore 
deposits, with a minimum of coarse detritus, and hence of a character 
which remains uniform over a large area. 

The following succession of strata in this region has been derived from 
the records of the Churchill well, the location of which is near Ihe 
southern eud of the section in .Vlpena." 

The mouth of the well is near the level of I<ake Huron, and above the 
coral limestone of .\lpena. This nnk, which will l)e called the Alpena 
limestone, is the middle member <»f the Traverse (Hamilton) group of 
Michigan, and hence the entire upper portion of this group is unrepre- 
sented in the well record. .\t a depth of 12)>7 to 1278 feet, the well ends 
in the salt beds of the Salina group, having penetrated the entire lower 
IMonie and iMirt of the npjier Siluric rooks of the region. 



'GeoI.Borv, Mich., 



. Seealfop. ffi. 
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bed (No. 3) nine feet in tbickneBS recorded in the Cbnrchill well. The 
i-est, with the 22 feet in which gray and black shales predominate, cor- 
respond to what in the Churchill well record has been called limestone. 
The shale is probably in thin layers and so would not attract the atten- 
tion of the drillers, who would regard all the strata as limestone. 

(III.) Wells of Alpena Business Men's Association, Frank J, Jahncke, 
driller: 

No. 1. On north line of Sec. 22, T. 30 N., R. 8 E., close to the shore and 
not eight feet above it.'"' 

The section is south of the western end of Partridge Point and gives 
the following succession: 



DMrrlptlou of rook. 
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No. 2. This is half a mile south of No. 1, near the center of Sec. 22. 
The record is as follows: 
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(IV.) Well of C. Moeuch & Sons Company, T. 31 N., B. 8 E., Sec. 28: 

This is in the southwestern portion of Alpena, a mile or more BOiitb- 

west from the line of strike of the rocks exposed in the Churchill well. 

The following hrief record is preserved. The drilling occurred id 

February, 1899: 



».„«„0,„.. 
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Although the record does not state so, the drilling probably com- 
inenced at the summit of the middle limestone bed (Alpena lime8tone|. 
The 80 feet of drift in this well, taken in connection with the 41 feet 
of drift in the Churchill well, suggestB that Alpena is underlain by a 
preglacial valley — that of the Lower Thunder Bay river— which is of 
ilie normal conse^iiient type, and opened out in a bed of soft shale. 
)^imilar to Long and Grand lakes. This old valley apiiears to have bad 
as its floor the resistant Alpena limestone, which gradually rises to the 
northeast and comes to the surface a mile or moi-e northeast, i. p.. 
across the strike of the strata, fnini the Chnrchill well. The position 
of this limestone is thus obtained at three points: at the Churchill well, 
a mile or more northeast of this, and a mile or uiore southwest of the 
well. At the nortbeasternmost point, i, e., Loc. 1, the limestone comi>s 
to the surface. At the Churchill well it is 41 feet below the surface- 
In Sec. 28 it is apparently 80 feet below the surface, while the surface 
<]f the well is probably but little above the level of the lake. This gives 
approximately 40 feet to tire mile as the dip of the limestone, whicli 
ia nearly the ascertained dip of the rocks in this region. 

At Stony Point rock appears on the surface, where the point is 
formed of resistant limestone layers. Other' outcrops are found at 
Warner's brickyard (Loc. 25), which lies northwest from Stony Point, 
It thus api>eare that these beds are at least 80 feet above the Alpena 
limestone, and that the t*tony Point beds form the edge of an ancient 
escarpment (inface of a ciiesta) the valley in front of which is drift- 
filled to a le\-el witii the top of the cHlT. 

(V.) Tannery well: 

In Sec. 22, T. 31 X.. R. S E., a well was put down in November, 18!11 
to a depth of (!2.'i (?) feet, by the Northern Extract Conii)any. This 
struck water in good quantity at a depth of about 400 feet, where a soft 
sbale rock was found, which greatly impeded the drilling. This well 
13 essentially along the strike of the rocks from the Churchill well, and 
it is probable that the bed of shale here refen-ed to is the Bell Shale 
( we l)eyond). out of which the valley of Grand lake is carved. This shale 
:it the Churchill well lii-s alxuit 30(1 feet below the surface. 

(VI.) Well No. 0." Put down to salt at 1104 feet, before 1866, near 
tlie electric light works. 
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(VII.) Roraioger" speaks of a fliiuilar well put down in 1872 close to 
tlie bed of Thunder Bay river. The borings commenced in limestoneB 
and continued witliout much interruption by other beds to a depth of 
■too feet, where blue shales 80 feet in thickness were struck, and a 
powerful stream of water, for which this formed the impervious bed, 
rose to the surface, carrying with it many of the characteristic fossils of 
the lower beds. These Boniinger supposed to have come from the shales, 
but since they abound in the overlying beds it is more probable that 
I hey were derived from these. 

(VIII.) Fletclier well. Paper mill on Fletcher street, Alpena, Mich. 
A. J. Kcott, driller. March, 1901. Fifteen feet above lake, 595 A. T.: 

DeBcrlixlon of rork. TblrkopHs, Deplh. 

feet. reet. 

1. Surface sand 32.0 32.0 

Drive pipe (end »f ['ielBlocetiel 32.8 

:;. Oray Umealone *. 20.0 52.0 

:(. Lltneatone and shale 28.0 80.0 

4. (irmy limestone 40.0 120.0 

.■p. Dark limestone 40.0 160.0 

li. Brown shale 3-0 165.0 

7. Light and dark llmesloue with streaks of shale 85,0 :i5II.O 

a. Soft shale isoapstooe) 80.0 330.0 

1), Limestone with shale stteaks 20.0 3,%<1.0 

10. Graj limestone 10. I> 360.0 

11. Slate («oapstone> 82,0 442.0 

Casing eVi Inches to 450.0 

12. Graj limestone 43.0 485.0 

First flow a( 490.0 

13. Rrown sandj limestone 55.0 540.0 

14. Verj bard brown llmestotie which cuts bits badljr. but la said all to dis- 

solve In mnplatk add 15.0 555.0 

- Second flow at... 615.0 

Slightly Bulpbnreted head to 40 feet above lake level, flow 600 Kallons 
per minute. 

lln. Same as 14 80.0 635.0 

V.Di of Cornlteroua or Upper Helderberg. 
lo, Gfpslferoua limestone T,0 842.0 

In this well the Alpena limestone appears to be only 20 feet thick, 
though it is probable that the record is not as accurate as preceding 
ones. Stratum 8 of this well probably corresponds to stratum 11 of 
the Churchill well, but the thickness in the Fletcher well (80 feet) is 
probably given as too great, li^tratum 11 of the Fletcher well cori'e- 
sponds to strata 15 to 17 inclusive in the Churchill well, and represents 
the basal shale series, i. e., the Bell Shale. 

It is not improbable that the '"coarse, varicolored limestone" met 
with at a depth of 123 feet in the Business Men's Association well No. 
I (III-l), south of Partridge Point, is the stratum cropping out at Stony 
Point. If this is the case, the total thickness of the shales between 
this stratum and the base of the Black Shale is, according to the inter- 
pretation of the well record, 4li feet. This is not inconsistent with the 
dip of the strata. Adding to this thickness the 80 feet of strata between the 
Alpena limestone and the Stony Point beds, we have a total thickness 
of 120 feet, or, in round numbers, 130 feet for the upper shales and lime- 
stones of the Traverse group of Thunder bay. If this is correct, the 
Traverse group of this region admits of the following subdivision: 

"Geol. Surv. MIcL. Vol. Ill, Part I, J8T6, p 40. 
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3. Traverse iipjier shales and limestones, or Thunder Bay 

series (minimam estimate) 130 feet 

2. Traverse middle limestone or Alpenn limestone 35 " 

1. Traverse lower limestone and shale — 

H. Long Lake series 298 " 

A. Bell Shale 80 - 

Total ■. 543 feel 

Roniinger estimatpB the total tliickness of the Hamilton gronp of 
Thunder bay to be about 580 feet i\*. 40). Tbe total thickness of the 
upper or Thunder bay series is probably somewhat more than 130 feet, 
and may even reach 170 feet, in which case Kominger's estimate of (he 
lotal thiekness is the true one. The distance measured in a straight line 
across the strike from the point of outcrops of the top of the middle 
limestone at lake level to the first appearance of tbe Blaek shale at tbe 
late level, would give about 200 feet for the thiekness of the shales 
(iverlyiug the Alpena limestone, assuming that the dip of tbe strata 
remains a constant oue, i. e., 42 feet to the mile. Rominger's estimate 
iiisiy, therefore, be i-egarded as prolmbly a close approach to the truth, 
still his division of 100 feet for tbe upper beds and 480 feet for the 
lower is not borne out by the more accurate records of the recent well 
borings. 

B. EecoTda pom ostcrops. 

For the detaileil description of the strata of this region the Alpena 
limestone makes the most convenient reference stratum, and as it is also 
I he most important member of the group from an economic standpoint, 
it will be described first. Following it will be given descriptions of the 
lower members of the group, in their stratigraphic order, from the 
highest to the lowest beds. The upper Traverse or Thunder bay series 
will be described last, as least exfvosed. It will be observed that tbe 
field localities do not regularly sneeeed oue another, since it was most 
I'onvenient to stndy the localities without direct reference to succession, 
Tlie localities of the Alpena region .nre here given in succession: 



I.OC. 1. 


QukRiei N. E. of Alpetik. (Owen ¥ox and Rlebard ColUni). 

Outcrop two mile* V. of Alpena. Long Lake Road (Sec. Hne ate. 11) 
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8e ti li u I» 


Long Lake HiiM. 


e. 
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2j 





8. 


'■ ■■ 22. Porks of nAd south ot Long Luke 









Long Lake lerlM. 
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Ix)c. 12. Bell Rend (itt. m... 
13 Hell R 






.Z»).-. 



. Rabltoii'i rkrtn (Hctlon line lU. 33) 

. KuniliaiD Bky 

. rreiqiielile Light 

. Ualnland ■oath ol l^reique lile 

■ FreMine Isle count]', S. E. or Loc. II 

. aink holes sec. 36 R. S K.. T. 33 N 

. MI»eryB»y 

. Fletchar Dam 

. Partridge Point.-... 

. Boom Company Dun 

. Wamcr Urickjud 

. TlianMrBa]' Island 

. Roadildflaec.ZTR. 8B.,T.3-.tN.-. 

. i mile N. E. of pracedlng 

. WIeiey'a well 

. amLleiB. ofCUyPlM 

. Clay Pit A-lprna rortland Cement company 

, Bameaa Loc. 8 

. Long Lake Road North of precsdiag 

1. N. E.ot32 

. Long Lake road near laKe 

. Under root ot tree near (Ink holei {Loc. 19) 

, Falae Preaque Iile 

. Orand Lake Letlgea 

ALPENA LIMl'JSI 



' Long Lake series. 



. Dundee llmealone. 



. LongLakeseries. 

. Bell shales at base of II 

. Long Lake acrln. 



Lover Alpena llmrstone. 
Long Lake lerles. 



It Long lake beds. 



ThiB limestone undei-lii'B a considerable area to the north and north- 
east of Alpena. It appears on the surface in the northeastern portion 
of the town where several quarries are opened in it (Loc. 1). It is also 
qnaiTied in the cement- works quarry less than a mile east of the town, 
near the lake shore, or approximately southeast of the preceding locality. 
This is designated Loc. 9. 

The rock first appears on the section line, about a mile north of the 
town (8ta. 4). It api>earB at intervals to the north of this, and is prom- 
inently exposed in the terrace which crosses the section line in a direct 
northeast line from the quarries. (Sta. 8). 

This terrace continues northwestward and furnished another good 
exposure of the liraeetone about a tenth of a mile west of the section 
along the first west road. (Sta. 9a, Loc. lb.) 

Loc. 1. Quarries northeast of Alpena. The limestone is here almost 
wholly composed of corals and hydro-corallines, though brachiopods and 
other organisms are not wanting. The corals are Favosites and Acer- 
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vularia, tlie former probably represented by a number of Bpecies. I-nrgp 
masses of the rock are entirely made up of these corals, which appeiir lo 
be still in the place whei-e they grew. Other large maaees of the rock are 
composed of the, hydro-coralline Stromatopora and allied genera, whipb 
also appear to be rejti-esented by several sj>ecies. Among the smaller 
corals, species of Zaphrentis, Aulopora, and Ceratojiora predominate, 
while the Bryozoa are chiefly represented by fenestelloids, and Lichenalia- 
like types. The chief brachiopods are: Atrypa reticularis (an extreniely 
convex form), Spirifcr cf. S, mticronatus, StropUeodonta, several species. 
Cyrtina umbonata var aliiencitsis; Oi/ptdnla romingeri, etc. 

The central niilss of limestone of this r^ion has all the characteristics 
of an ancient coral reef in which the chief reef-builders were the Favosites. 
Acen'ularias, and Stromatoporas. These formed the main mass of tbe 
reef, while between them gi-ew the smaller species, and the other oi^anisiiis 
which go to make up the fiisciubic of the reef population. A careful exam- 
ination of sections in the fjuarries shows that there is an absence of 
stratification and regularity of structure in general, within the reef por- 
tion of this limestone. This ia to be expected, since this portion of the 
mass is entirely of organic origin. In form, this portion is dome-like, 
and the stratified beds of limestone which Hank it, dip away from it in all 
direc^tions at an angle exceeding that of the normal dip of the strata nf 
this region as shown by the following figure: 




Fig. 2. CroH" secHon of Ihe coral wpf In (• 
the flnakiiiK lajc s vt cural nai J lluies ne ai 
actually obgpned 

n. Owen I-oxs Quani/ 

In this quirii the geneial dip of the strati is 4 degrees to the south- 
west. In the eastern end of the quarry the dip increases, according to 
the following obsen'ations : S degrees, 10 degrees, 18 degrees; the steepest 
dip is in the easternmost jmrtion, where the abundance of corals indicates 
the neighborhood of the reef. 

On the southwest, dark shaly liniestonea and bitnniinons shales overlie 
the limestone, and carry a rich coral and brachiopod fauua. (For analyses 
of the limestones of this quai-rv. see l)evond.) 

h. UUhard VvUiim- (^iiairy: 

This quarry, across the road from the previous one, shows the central 
reef with the flanking lime-sandstone strata dipping away from it. Tliis 
quarry was formerly known ats Phelps' liiue kiln quarry, and Rominjjer. 
on page 4.1 of his report, mentions the central reef as a bubble-like pro- 
trnsiou. The i-elation of the fragmental strata and the i-eef mass is shown 
in the accompanying figure. The strata dip away from the reef in all direc- 
tions. At first the angle is 28 degi-ees, then it falls to 14 degrees, then tu 
4 degrees, and finally to 2 degrees, the normal dip of tbe strata in tlie 
quarry. In the reef portion, the coral masses (heads of Favosites alpen- 



ANNUAL REPORT FOR 1001. 



177 



ensis, various speciea of Stromatopora, and large heada of Acervalaria 
davidsoni) are surrounded by the crystalline coral sand which filled In 
all the interstices between the coral heads as shown in the preceding 
figure, Fig. 2. 

These interstitial limestone masses in the reef are generally made up 
of coarse fragments in which large crinoid joints predominate. Brachio- 
pods and Bryozoa also occur here, for this was a favorite habitat of these 
animals. These interstitial masses are often re-crystallized, and crystals 
of dogtooth spar are often abundant. 

The coral heads are generally of large size. Sometimes they are over- 
turned, but most of them appear to lie in their normal position. In some 
places the ci-ystalline coral sand forms most of the rock exposed, the 
large coral heads being scattered through the sand. This latter shows 
no stratification, which is found only on the flanks of the reef and beyond 
it. The sand in the cavities of the reef is generally much coarser than 
that on its flanks or farther away, a feature indicating normal sediment- 
ation. 

In places at some distance from the center of the reef the rock consists 
of an organic breccia, made of brachiopods, bryozoa, and the small branch- 
ing corals plentifully interspersed with crinoid joints. 

Away from the reef the limestone is bedded, wholly of frag:mental 
origin, and made up directly of comminuted coral and crinoid remains. 
The stem joints of the latter stand out in relief on the weathered surfaces. 
Crinoid heads (Dolatocrinus) and small corals (Favosites, etc.) are 
found in the limestone, but such fossils are generally most abundant in 
the somewhat shaly fllms which separate the successive limestone strata. 

The origin of these limestone masses and the accompanying beds of 
Btratifled limestone may be explained as follows: 

In the Devonic sea of this region, the luxuriant growth of corals and 
other lime-secreting organisms produced isolated reefs, which rose to 
within the sphere of wave activity. Being subject to the continued attack 
of the waves, these reefs were destroyed wherever the vitality of the polyps 
was ineufflcient to resist thg wave attack. Wherever exposed, the dead 
coral rork was ground into a coral sand, this being accomplished in part 
by the direct activity of the waves, in part by the aid of tools chiefly in 
the form of loose blocks which were rolled about, and served to grind up 
the coral rock, and in part by the many reef-destroying organisms, which 
in every reef are actively breaking up the dead coral masses. The result- 
ing coral sand was carried away by the waves and currents and deposited 
on the flanks of the reefs, and in the quieter water beyond. 

Stratification is well marked in such a fragmental limestone, or lime- 
sandstone, and it not infrequently happens that cross-bedding structure, 
ripplemarks, and other shallow water characteristics are shown in such 
a limestone. In fact, we may consider that there is no essential difference 
in structure between such lime-sandstones and ordinary quartz-sand- 
stones, the mineralogical character of the component grains being the 
only distinction. In such a lime-sandstone fossils need not be abundant, 
in fact we could understand their total absence. Near the growing reef, 
which is the source of the coral sand, the minor reef organisms may be 
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expected to occur, but their number would decrease in proportion as we 
pass awav from the reef. In the immediate vicinity of the reef, an inter- 
locking of the organically and the mechanically formed limeBtonee occurs, 
for at times the coral sand encroaches upon the reef, and again the reef 
organisms extend outward, growing on the foundation of sedimentary 
coral saud. This inter-locking of the two types of limestone is well shown 
Id the. quarries opened in the reefs in question, and on either side the 
stratified limestone, consisting wholly of consolidated coral sand, is seen 
dipping away from the reef. This stratified limestone is strikingly barren 
of organic remains; only a few brachiopods or small corals are found at 
intervals. In texture it is very uniform, and in composition very pure, 
yielding from 96 per cent to 99 per cent OaCO,. (See analyses given 
beyond and under Loc. 9.) 

The purity of these limestones is readily accounted for when we remem- 
ber that the reef-building organisms flourish only in water free from terri- 
genous matter. Since the stratified limestone beds which always accom- 
pany the reef are derived from the organically formed limestone, and 
since there is an absence of terrigenous matter within the area of their 
deposition, it follows that these limestones must be very pure, within a 
radius of some magnitude from the central coral reef, tiie source of supply 
of tbe lime sand. It furthermore follows that the thickness of the coral 
reef, and the thickness of the flanking fragmental limestones, may agree 
fOid that beds of great tliickness may accumulate, depending on the length 
of time during which the reef remains in an actively growing condition. 

It thus appears that the reefs are the most trustworthy guides to the 
purity of the limestones. Close to the reefs from which they were formed, 
these limestones will generally be free from foreign material, while this 
may increase in amount progressively with the distance from the reef. 

Loc. la. The rock exposed here shows essentially the same characteris- 
tics as that of the preceding two localities. Favosites appear to be the 
most common fossil. Other fossils are Atrypa reticularis, Spirifer granu- 
losus, Zaphrentis sp., and several species of Stropheodonta. 

Loc. lb. The limestone has here less the character of a reef, but appears 
to have accumulated in the immediate neighborhood of a reef. It is 
highly fossiliferouB, Favosites and Stromatopora being very common, 
though apparently not forming very large masses as in the reef portions 
of the preceding localities. Stropheodonta is a well-represented geniie, 
though the species are generally small. Qypidula romingeri and Atrypa 
reticularis are among the other common brachiopods. 

The limestone of tbe quarries is exposed in the fields at num«*ouB 
localities north and east of the prospecting holes. Many small prospect- 
ing holes have been opened in it. but no extensive quarrying operations are 
carried on except in the two quarries mentioned and in that of the cement 
company. 

To the south and southwest the limestone of Loc. 1 is overlain by a bine 
clay, which is exposed in a test well on Dock street, where it is six or 
seven feet thick. This clay will be mentioned again below. 
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The foliowing aualvsis of tbe limestone of Collins' quarry was fur- 
nlBhed by Mr. S. H. Ludlow, chemist of the Atpena Portland Cement 
Company, under No. 33 : 

SiO. .62 

A1,0. .60 

Fe,0, .33 

CaCO, 97.39 

MgCO, 1.09 

100.03 




The following analyses of the rocks of Lor. 1 and of the limestones of 
the lower series were made for the Survey by Mr. P. Brady, chief chemist 
of the Illinois Steel Company from samples Mr. Grabau collected, received 
July 27, 1901 :'" 
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"Tbe following partial aaalfaea were made for A. C. Lane. 

1, From the Collina quarrj : LlmeitoDe dipplDg awa; from a n 
■tand*. Tbe upper larer [■ rather btae and iIialT, with Phacopa t 
KiuoroitatM, etc. Tbe analjda of tbe Mmple mtule b; A. N. Clark : 



i« uafghborbood (ample* yielded tbe Dow Cbemlcal Co. 
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DESCRIPTIONS OF SAMPLES ANALYZED. 



NO. G. PorouB Iragmental llm^ttoDe from roadilde about ■ mllo north at Aipena at Loc. 
2. Somewhat oildlied. Surface BpeeLmen. 

No. T, Compact gnj limestone from Loc. 6, Alpena, Juit orerljlng the Stpopheodonli 
B bales. Long lake. 

NO. g. Compact lime sandstone from qaaiij opposite cement warka, Loc. 9 (Alpeni 
('emeDt Co.'s guarrrJ. 

No. B. Fragment Of Pavoslles with cavities Blleil bj Infiltration. Cement quarry, Loc 9. 

No8. 2, 5 and 9 represent the chief corals which make up the coral reef 
ill the Alpena limestone, and from the defltniction of which the Sanking 
IkhIs of limestone or fragmental limestone were formed. It will be 
observed that they are very low in silica, and approach 99 per cent of 
CaCO,. They are furthermore low in MgCO, , showing that these corals 
iire practically pure lime structures. The silica is probably a secondary 
introduction, being highest in the Favosites, where the intertabnlar 
Hpaces were filled by infiltration. 

The only other sample high in lime is No, 1, which representB the com- 
iiiiQUted coral and shells which made up the old reef. The sample came 
from the flanks of the old reef and shows the purity of the rock derived 
from the reef. 

The light colored lime-sandstone, forming the chief fragmental beds, 
i-esting upon the old reef exposed in Fox's quarry (No. 3), is lower in its 
percentage of lime than the dark limestone overlying it (No. 4>. This 
is due to the high percentage of maguesium carbonate (4.20), which is 
most likely of later origin, having replaced the original calcium carbon- 
ate. The percentage of silica and alumina is not much higher in this 
rock than in the corals from which it was derived, and a tenth of a per 
<eiit lower than in the fragmental lime rock from the reef in Collins' 
ijuarry (No. 1), which is high in lime and comparatively low in magnesia. 
The upper beds in this region, as represented by the analysis of sample 4, 
iire comparatively high in silica and alumina owing to the presence of 
itiminutive clay particles, which give this rock its relatively dark tint. 
Tliese beds grade upward into calcareous shales. 

Xos. 6 and 7 are high in silica, not so much from the presence of clay, 
for there is a smaller amount of alumina than occurs in sample 4, but 
rather from a certain amount of silicification of the contained ot^anio 
remaiDS. This has not been carried very far, however, the percentage of 
silica not rising much above 4.5. 

The analysis of the limestone from the cement quarry (No. 8) repre- 
sents the average of this rock in its percentage of lime, though 9S per cent, 
:ind even 99 per cent and over, have been recorded. The presence of a con- 
siderable per cent of MgCOj in sample 8 accounts in part for its lower 
per cent of CaCO,. 

The following analyses were given in the last annual report: 
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LlMESTONEa FROM QUARRIES OF ALPENA PORTLAND CEMENT COMPANY. 
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Atpena, Mich., Feb. 12, 1900. 



. F. M. BALDKMAN. 



The analrsis of a limestone near Rogers City, given Mr. Lane by J. G. 
Dean, may be inserted here for comparison ; 



A yellow clay shale near by (weathered Befl shale?) gave: 



IroD oxide 

Lime 

Macneala. 

Sulphuric anhydride . . 
Ornnlc matter and wa 
DlfferaDce 



A Specimen of the Alpena stone gave W, M. Courtis, M. E.: 




Phosphoric actd traces 

Bnlnhurle acid Sllehttr 

Chlorine Blight tr 
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The following analyses of linieetone from the quaries of M. J. Griffin 
iu llie Alpena limestone at Bolton" which were made by E. J. Schneidw, 
rhemist, yielded, calculated from limestone: 
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The following analyses of the limestones of the cement qnarry were 
furiiiNhed by Mr. S. H, Ludlow: 
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No. 4, the lowest in CaCOj , is the richest in MgCO, , containing nearly 
4 [HT cent. Large aresis here and there in the quarry are relatively rich 
in inagnesia, and these do not effervesce with dilute HCI. In general the 
roifkH here have a porous texture and are commonly more oxidized than 
tlic rest of the ro(;k, soinetiniee having a deep ochre color. 

No. 25 yielded the highest per cent of lime obtained in the quarry at 
that time. 

Nil. is a bluish coralline limestone of a flinty texture, and probably 
repi-t'sents a part of the reef. No. 24b is known as sugar stone. 

.\ simple taken at a depth of 32 feet in the well of the cement company, 

i< Ttiere In, however, U Bolton alio & layer ot dolomite with M per cent Ca COi. 
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and therefore representing the lower portion of the Alpena limestone, has 
given the following analysis : 

310, 40 

CaCO, 97.16 

A1,0, and F«,0, 1.00 

HgCO, 1.06 

99.62 

This, therefofe. compares well with the average of the limestones of 
this bed. 

The following analyses of a recent large blast of coral limestone from 
the reef in the cement quarry was also furnished by Mr. Ludlow; 

SIO 21 

A1,0, 33 

Fe,0. 

CaCO, 99.33 

MgCO, : 21 

100.08 

A later blast gave 99.63 per cent of CaCO,. 

An anal.vsis of the limestone from some distance northeast of the 
cement works (Isaacson stone), and two feet from the surface, gave the 
following results: 

CaCO. 96.75 

A1,0, and Fe,0, : 1.06 

SiO, 79 

MgO 35 

98.95 

The Portland cement made b.v the cement company from this rock gives 
the following results, from 26 to 27 per cent of the clay of Loc. 31 being 
added to the limestone : 

SiO, ■. 20.26 

A1,0, S.62 

Fe,0, 2.71 

CaO 63.22 

MgO 2.34 

E,OandNa,0 1.34 

SiO, 76 

H,OandCO, 75 

100.00 
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Loc. 2. About two miles north of Alpena, at Sta. 11 on tie section 
line, a highly foasiliferous limestone ib exposed along the roadsiije and in 
the adjoining farm lands. This rock consists mainly of the stems and 
joints of crinoids, and of various Bryozoa, among which the fenestelloids 
are the most common. In the exposed portions the fossils appear to form 
a loosely agglomerate mass, without the interstitial filling of calcareouB 
sand. Brachiopods are very common, and the space between the valves is 
generally unfilled, except for subsequently infiltrated calcita The brachi- 
diuui of these brachiopods is generally well preserved, indicating a free- 
dom from disturbances. Oypidula romitigcri and Atrypa reticularis are 
both abundant. Stropheodonta cf. ^. demisaa and S. naorea are also com- 
mon. CJtotietes coronatus is a conspicuous species, while Spirifer mucro- 
natus and S. granulosus are among the other ebaracteristica brachiopods, 

Fenestella,'LocnIipora, and the other frondose Bryozoa are also well 
preserved, frequently still showing the original funnel-like form of the 
frond. 

Crinoid stems and joints make np the greater portion of the mass. 
These are mostly enlarged, and changed to cleavable calcite. Dog-tooth 
spar is common in the cavities, which latter are very numerous, since alt 
the remains are loosely joined, forming a porous or loose-textured rock. 

Xo Favosites or other corals have been observed. The condition of 
preservation of these fossils is such as to point to quiet and rather deep 
water wherein they accumulated, in a depth apparently beyond that of 
wave activity. This limestone was therefore of great purity, since it con- 
twists wholly of the calcai-eous remains of organisms, but it has since been 
somewhat silicified as shown by Xo. <>, of Brady's analyses on page 17!l. 
The position of the limestone appears to be near the base of the middle 
Traverse limestone (stratum 2|, but its characters are probably not 
traceable over a very large aren. 

Loe. 3. About a mile north of this outcrop, at Sta. 15, is another out- 
crop of limestone along the west line of Sec. 3.^. Here the limestone has 
again the coral-reef character, with Acervularia and Favosites predomi- 
nating. Thle exposure belongs near the base of the limestone series. 
Besides the fossils mentioned, Zaphrentis, fenestelloids, Atri/pa reticu- 
laris and crinoid stems may be mentioned. 

Loc. 4- This is two-tenths of a mile north of the last locality, at Sta, 
17a, along the east line of Sec. 27. The limestone here is similar to the 
preceding, and belongs to the same series. It contains numerous crinoid 
remains, and Stropheodonta is the commonest geniis of brachiopods. 

THE LOWER TRAVERSE SERIES. 

a. Long lake shales and limestones: 

These beds are a succession of thin-bedded limestones and shales, 
exposed both north and south of Long lake. This occupies a depres- 
sion underlain by one of the prominent beds of blue clay shale occurring 
in this series. 

Loc. 5. About a third of a mile north of Loc. 4. at Sta. 19, on the sec- 
tion line, is an outcrop of impure hut highly fossiliferous limestone, which 
weathers to a yellowish-brown color, and leaves an earthy residuum. The 
reef corals are rare, bnt other types, such as Zaphrentis, Aalopora, and the 
like, are met with. Brachiopods are common and among these a robust 
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variety of Atrppa reticularis is tbe most abundant. Other common species 
are: Spirifer mucronatus, Chonetes coronatus, Stropheodonta demiaga, 
S. concava, and S. eiratica ( ?). 

From ttie tliin bedded etiaracter of this rock, it might well be mistaken 
for a sbaJe in the drill record. At any rate, this rock underliee the crys- 
talline limestpne, and with the beds next below it probably forms" the 
nine-foot stratum of "shale" (stratum No. 3) in the Chnrchill well record. 

Loc. 6. Less than two-tenths of a mile to the north, at Sta. 20, ia an 
outcrop of •black Bhale, highly bituminous, and characterized by the 
extreme abuodanoe of a small speciee of Stropheodonta. This is a species 
closely related to S. pUcata of tbe Iowa Hamilton. The plications are 
angular near the beak, but become rounded and less pronounced toward 
the front. Tbe exterior of the shell is striate, the interior pustulose. 
When worn, the shell appears punctate. A few fenestelloids occur, but 
other fossils are very rare. 

Loc. 7. This is at Sta. 21, on the section line, something more than two- 
tenths of a mile north of the preceding locality. Tbe rock is a dark- 
colored, somewhat slialy, fine-grained bituminous limestone, and lies just 
below the shales of Loc. 6. It is exposed at the base of a terrace, on the 
west side of the road, and fossils are very rare in the exposed portion. 

Loc. 26. Thunder Bay Island. This island is the easternmost point of 
land north of Thunder Buy. It consists of flat ledges of limestone rising 
but slightly above the water level. During high storms the water sweeps 
the ledges bare. The limestone is composed of crinoid fragments, brachio- 
pods, and corals, with a predominance of fine coral sand. Stromatopora 
is the most abundant fossil, large heads from one to two feet in diameter 
being very frequent, and some even up to five feet in diameter having been 
noted. Wherever they occur, the surface presents a hummocky appear- 
ance, the Ktromatopora heads rising in dome-like masses, over which the 
strata arch. On the eastern end of the island the limestone layers are 
separated by shaly beds often several inches in thickness. These shaly 
beds are highly bituminous, black, easily soiling the fingers, and with a 
petroleum odor. The surface of tbe layers is covered by black, glisten- 
ing, carbonaceous deposits. The limestone is dark and generally of a 
shaly character. Favosites of several species and Acervularia are com- 
mon, though the latter has not been seen in large heads. The shale often 
has the appearance of being sun cracked. The black shale contains 
brachiopods (Stropheodonta costata, Owen (?) and others) and branch- 
ing Favosites, It varies in thickness up to halt a foot and contains numer- 
ous pyrite concretions, whicb on oxidizing stain the rock and leave cavities. 

In the limestone and associate shales the following fossils have been 
found, among others, in tbe beds of Thunder Bay Island: Stromatopora, 
Acervularia davidsoni, Proetus sp., Spirifer mucronatus, Atrypa reticu- 
laris, Stropheodonta erratica, 8. cf. costata, S. nacrea, Chonetes, cf. coro- 
natuSf Meristetla cf. nasuta, Qypidula romingeri. Rominger also mentions 
Proetus crasaimarginatua, Fhacopa bufo (Irana), Gomphoceras, Ortho- 
ceras, Eunella lincklaeni, and Spirifer conaobri'nus as other common 
species. 

These limestones and shales apparently represent the beds found 20 to 
40 feet below the Alpena limestone in the cement company's well (No.2). 
Here black shales are common. The black shales of Loc. 6 are doubtless 
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the same aa those of Thnnder Ba; Island, though in these latter the small 
angnlarly plicated Stropheodonta appears to be less abandaut. 

Rock of the same tjpe and carrying the same fossils as od Thunder Bay 
Island is found on Sugar Island, but the ledges are mostly submerged. 

Along the eastern shore of Thunder Bay Island the ledges extend out 
Tiuder the water for some distance, submerged from two to three feet. 
Theu they suddenly break off and a submer^d cliff carries the lake bot- 
tom down aix fathoms. This cliff is probably the wall of a sink hole 
similar to that found at the bead of Misery bay. 

Loc. 27. This is an exposure along the road side (section line) form- 
ing the western border of the southwestern quarter of the northwestern 
quarter of Sec. 25, K. 8 E.. T. 32 X. Here the road is crossed by a terrace 
of compact gray limestone containing Acervuiaria, Favosites, Stromato- 
pora, and ocirasiooally crinoid joints. Ijower down, some beds are filled 
with a robust variety of Atkyris fultonenais (?), which often becomes 
large, and then has the aspect of a Seminnla, or of Jferistetta ttasuta with- 
out the anterior strong protrusion. Crytina umbonata alpenensie is 
extremely abundant, as is also fitropheodonta cf. costata. Other common 
species are Productella spinulicosta and Spirifer mucronatua with char- 
acteristic features; also, less common, Stropheodonta nacrea, Spirorbig, 
etc. These beds appear to lie above those of Ijoc. 8 et seg., as is indicated 
by the strongly plicated Stropheodonta cf. costata, which scarcely occurs 
in or below the beds of Extc. 8, also abundant in the lower beds. 

Loc. 2S. This is another outcrop a quarter of a mile or lees northeast 
of the preceding locality. On the road between Sees. 24 and 25, near the 
western end of the sections, are exposures of coralline limestone that 
show Acervuiaria darulsoni, Favoitites alpenensis, Atrypa reticularig, 
Oyathophylluni, etc. This may be the continuation of the beds exposed in 
Loc. 8. (See below.) 

Loc. 8. This is at Sta. 22, on the section line near the forks of the road 
south of Long lake. The rock is thin-bedded, gray, weathering to bnff, 
and highly fossiliferous, Favosites and Acervuiaria occur, but not in 
very large masses. Atrypa reticularis, represented by an extremely con- 
vex variety, is the most abundant brachio[>od. Several species of Stropheo- 
donta occur, among which a variety of S. demiKsa, and 8. erratica, and S. 
inequistriata should be mentioned. Cyrtina hamiltonensis also occurs. 
These limestones are probtibly a part of the stratum 4 series of the 
Churchill well. 

Loc. S2. The same beds in the second season's fleldwork were desig- 
nated I.OC. 32, In addition to the species mentioned, the following should 
be noted among others: Spirifer mucronatus, .S. aiidaciilu^, Productella 
spinulieosta. Orthis (Schizophoria) propingtia, a large species, rather 
common, Gypidula i-otniufjeri, Athi/ris fultottcnsis, Favosites. Aulopora, 
Acervuiaria daridto>ti. and numerous cup corals, among which Zaphrentis. 
Heliophyllum, and Cyathophyllum predominate. Bryozoa are also 
common. 

/,or. 3.?. This is along the Long lake road, half a mile or more north- 
west of the point where the Bell road branches off from the Ix)ng lake 
road. The rock here is a dark, easily split lime shale, having very uneven 
surfaces, and weathering into red clay. These beds are but slightly 
below those of Loc. 8, the two localities being nearly along the strike of 
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the beds. They are rich in crinoid joiotH nod eorals are extremely abnod- 
ant. These are mainly silicified and comprise Acenmlaria datndsonti^ ~ 
several spectee of Zaphrentia. Cyathophyllnm. and others. Atrypa reticu- 
laris is common and of the robust type found in the beds above. With it 
occurs the large Orthia propinqua, Qypidula, romingeri, Spirifer granu- 
losus, Sp. mucronatus, Sp. cf. varicosus, and several species of Stropheo- 
donta, iDctading 8. erratica, B. demiasa, and j8. nacrea, the last three 
being rare; also Productella cf, prodtictoidcs, Crjftina hamiltonensia, 
Athyria fultoncnsis, Qypidula romingeri, Pentamerella dubia, Phacops 
rana, etc. Bryozoa are also common. 

Loc. SSa. A quHrter of a mile southeast of Loc. 33, or halfway between 
TjOcs. 32 and 33, and in beds of abont the same level, the following species 
have been found: Atrypa reticularis, Spirifer mucronatus, 8p. granu- 
losus, Sp. cf. varicosus, Athyris fultonensis, Qypidula romingeri, Orthia 
propinqua of large size, Productella spinuUcosta, Cyrtina hamilton&isis, 
Stroph^donta erratica, and, more rarely, S. cf. costata and Crania hamil- 
toniae. Of corals, Acervularia davidsoni, Zaphrentia, and Favosites 
occur, 

Loc. S^. This is on Long lake road, north of the precediog localities, 
and on the slope of the terrace leading down to the lake. The chief foflsils 
found here are Acer^-ularia, Craspedophyllum, and Zaphrentis, the rock 
consisting mostly of coral masses. Beliopkyllum coalitum also occurs, as 
well as Favosites. Atrypa reticvlaris is less robust and common in these 
beds, which are below those of the preceding localities. 

Loc. to. This exposure is at Kta. 24, where Hell creek, the outlet of 
Long lake, cascades over some limestone ledges. This locality is off the 
section, and the rook here exposed appears to be the correlative of the 
limestone series Xo. li of the Churchill well. Acervularia and Favosites 
occur here, and with these Spinfer granulosus, 8p. mucronatus, Atrypa 
reticularis, and Ortbis cf, propinqua. This same rock probably crops out 
close to the lake. 

Loc. SO. This is on top of the terrace fronting Hell creek, and on the 
line of the railroad of the Alpena Portland Cement Company, about two 
miles south of the clay pits. It is the continuation of the terrace fronting 
Ixtng lake, and along the strike of the beds of the terrace. The beds of 
this locality are therefore of the same horizon as those near Long lake. 
Outcrops of this rock occur all along the front of the terrace and over the 
top, and weathered out specimens may be picked up everywhere in the 
fields. The fossils are generally silicified, especially the corals. Acer- 
vularia davidsoni is very common in places, occurring in thin, explan- 
ate heads. Stromato[iora and other corals found at Long lake occur 
likewise. Among the characteristics brachiopods are: Orthis propinqua, 
large form; Qypidula romingeri; Atrypa reticularis, very robust and 
extremely abundant; Athyris fultonensis; Cyrtina hamiltonensis ; Spiri- 
fer mucronatus, abundant and characteristic; Up. granulosus; Stropheo- 
donta nacrea: Sir. sp., and Productella spimiliiosta. The faunal corre- 
spondence is obvious. 

Loc. 20. Misery bay. At tlie head of the inlet known as Misery hay or 
Little Thunder bay, a large sink hole, known as "the bottomless hole," has 
formed, from the bottom of which strong springs arise. The western wall 
of this sink bole remains as a vertical clifC composed of thin-bedded lime- 
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etones separated hj sbnle parlingfi. Large masees are continuall; separat- 
iDg along joint planes and ftilling into the bay. The beds are strongly 
ironstaiued, and rich in bracbiopods, among which the robust Atrjfpa 
reticularis of the Ixtng lake localities predotni nates. These limestones are 
found on the surface for a considerable distance eastward of the bav. 
Their equivalency to the beds of localities 32 and 33 is probable. 

Loc. 29. Wiesej's Well. A short distance northeast of the terrace 
described under Lor. 30. Jind between it and Hell creek, a well was sank 
on Ibe fnrnj of Mr. Wiesey. which revealed twenty feet of bluish clay with 
some calcai'eous beds intercalated, the whole underlying the calcareous 
beds of Loc. 30. This is the shale wliich in part underlies Long lake, and 
probably is bed No. 7 of the Churchill well record. The calcareous beds are 
very fosailiferous, and esiiecially rich in typical specimens of Spirifer 
niucronatus. Other fossils are Stropheodonta ihmissa, typicaJ form, 
Str»pheodonta perpUina; Chonetcs coronaius; Chonetcs sp.: Athyrin 
fultoncnsis ; Modioniorphii, etc. 

An annlyeie of the shale from Mr. Wiesey's well was fnrnistied by Mr. 
Monaghnn, as follows: 

SiO, 55.68 

A1,0, and Fe.O, 20.68 

CaO 9.69 

MgO 2.35 

Alkalies 3.60 

Lov8, 11-13. These are small outcrops of limestone along the roadside 
at Stas. 26, 27 and 29 respectively. They appear to belong to the limestone 
bed (No. 8 of the Churchill record) which underlies the bine shale of 
Long hike |7), and contain Acervuiaria, Oypidula. and other fossils char- 
.'icteristic of the massive limestones. 

These beds ai-e again seen in the high ridge of limestone north of Loc. 
31. This ridge ejttends northwest and southeast, and can he traced almost 
to the shore, opposite Middle Island. Its average height is about 35 feet 
above the plain of the clay pits (Loc. 31(. 

hoc. 3t. Clay Pits. The clay pits of the Alpena Portland Cement Com- 
pany are situated in the S. E. % of S. E. Vj, Sec. 18. T. 32 N,. R. 9 E. 
They are begun on a stripped level, about twenty feet above the surface 
of Lake Huron. 

The clay at jiresent mined represents the upper beds of the series, about 
six feet in depth, which are thoroughly delithified and verj' boniogeueouH. 
Fossils are rare in this mass, but typical Spirifer mvcronalus, Stropheo- 
donta liemissa, and Phacops rana are found in it, besides other species. 
At the base of tlus mass in a compact bluish clay shale, with calcareous 
layers full of typical Spirifer mucronofu9, Chonetea cf. dcflecta, Stropheo- 
donta demissa, Athijris fultoneims, Didaama romingcri, and other 
species. Ix)wer down (31a), and exposed in the drain ditch, are calcareoos 
beds containing Ci/rtina hamittone»sis, Strophcodonta demiaea, Aihyrti 
fuJtonensis, Diclaavm romingeri, Ati-ypa reticularis, Meristella cf. mela, 
Orthia ioicensia cf. propinqua, Spirifer granulosus, and 8p. mucronatus. 
besides Favosites, Zaphrentis, Cystiphyllum, and Acervulatia davidaoni. 

Loc. 31c. Overlying the clay beds is a thin-bedded limestone, rich in 
Atrypa reticularia, Chonetes coronatua, Spirifer niucronatus, Sp. auda- 
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cuius, Sp. granulosus, Stropheodonta nacrea, Str. demissa, variety, 8tr. 
erratica, and numerous corals, iocluding Acervularia davidsoni, Cyiti- 
phyllum vesiculosum, Zaphrentia, etc. 

hoc. Sid. From a test hole in the woods, the following species have 
been obtained from the top beds of the clay, and the ctUcareouB beds 
immediately above: Cladopora alpenenais, Aulopora serpens, Cyatho- 
phyllum houghtoni, Zaphrentis cf. tioduloaa, Favositee, Stropheodonta 
demissa, Stropheodonta sp,, Spirifer mucronatus, Atrypa reticularis, 
Chonetes. etc. 

The following analysis of the upper clays (those used in the c^nent 
works) was furnished by Mr. Ludlow. (See also analysis in Bies's report 
on clays and shales, Vol. VIII, Part I, page 48.) : 

SiO, 57.96 

A1,0, 20.44 - 

Fe,0, 3.03 

Ca CO, 9.12 

OaO 28 

MgCO, ; 6.02 

SO, 72 

96.57 
Alkalies 3.43 

100.00 

The following analysiB of the calcareous beds below the clay of the 
day pit was furnished by Mr. Monaghan : 

SiO, 28.38 

CaCO, 59.00 

MgCO, 1.93 

Pe.O. 1.59 

AI.O, 7.23 

98.13 

Loc 14- This is at 8ta. 33, half way between Long and Grand lakes. 
The best outcrops are along the roadside and on tbe farm of Mr. Babiteau. 
The rock is ttun-bedded and extremely foseiliferous, the fossils weathering 
out in relief. The limestone is not very pure, an earthy residuum remain- 
ing OD the solution of the lime. This ia by far the most fossiliferoue of the 
lower series of beds in the region, a large number of species having 
been obtained from the outcrops of this rock. Brachiopods pre- 
dominate, with the large and robust Atrypa reticularis at the head. 
Oypidula romingeri Hall and Clarke is also extremely abundant, while 
tbe Stropheodontas and Spirifers are common, and represented by all the 
common and some rare species. Chonetes, Productella, and other char- 
acteristic Hamiltouian brachiopods occur abundantly. Among corals the 
smaller types predominate, i. e., Aulopora, Ceratopora, etc. In the lower 
beds, however, the reef-building types occur, notably Acervularia, Stro- 
matoporoids are also, though more rarely, met with. 
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Loc. IS. Tbis IB on tbe farm land north of tbe county line and east of 
tlie line of the section. The outcrop is in line with those of Loc. 14, and of 
the same type, containing also the same siwcies of foasils. 

Loc. S5. This is an exposure of the upi»er beds along the strike of the 
luds from Loc. 14, in the southwestern quarter of Sec. 36, and near the 
Hiak holes of Ixm-. 19. The fossils were collected under the root of an 
upturned tree. Zaphreutis and Ceratopora are most abundant. The fol- 
lowing is a partial list; Heliophyllum juvene, Cyathophyllum, Zaphren- 
tis, Acfivul/iria (lai:iihoiii, Favosites, Ceratopora, Atrypa reticularU, 
Athi/ris fultoticiisia, titropheodonta ertatka, H. demissa, Athyrw spiri- 
fcioideg { ?), PcntamcielUi dubia ( ?), Cyrtina umhotuita alpcnensis, etc. 
Tliese beds may be coneidei'ed identical ^^ith those found on Babiteau's 
farm (lA>e. 14). 

Loc, 37. Grand lake ledges. These ledges are exposed on the south- 
west shore of Grand lake, opposite Kaufman's hotel. The cliff rises 
perhaps 4(1 feet above the level of the lake; the lower half is obscured by a 
l.olus slope. The beds are the northwest continuation of the lowest beds, 
ween near the base of the terrace north of Loc. 14. The upper layers are 
full of a species of Ceratopora, which in places constitutes almost the 
(iiily fossil seen, with the exception of crinoid joints and stems. Below 
Ibis are about 10 feet of a compact, Que-graiued limestone, with occasional 
large heads of Acervularia. Below this the beds become somewhat shaly 
:<iid contain large specimens of Zaphrentis, Cyathophyllum, etc. 

These ledges are again exposed in T. 32 N"., H. 9 E., Sec. 6, directly west 
iif Middle Island. Here they form a chain of bluffs Iti feet high, which 
I'ommence about half a mile from the shore. "Nearly the entire rock is 
made u]> of spectmeus of Stroniatopora mingled with Favoaltes, Cyatho- 
phylhim profundum, Difthyphyllum archiaci, and other corals, which by 
ex])OSure easily become disintegrated"' (Rominger, loc. cit. p. 50). I 
Ijiive not seen this exposure, but it is well described by Rominger and its 
relation to the Grand lake ledges appears clear. 

Loc. 19. Sink holes. The sink holes are situated in the southwest 
quarter of Sec. 36, T, 33 X.. R. 8 E. There are at least a dozen of them 
extending in a northwest and southeast line through Sec. 36 and into 
Sec. 35. They are generally at the bottom of a ravine or longitudinal 
depression. The great "bottomless" sink has vertical sides of overhang- 
ing cliffs on all sides, and has a depth to the water surface of about 50 
ft-et (estimated). The water in the bottom has a similar or greater 
ikpth. The upper 20 feet or moi-e of the wall consist of limestones, the 
kisal beds of the Long lake series, which form a vertical cliff. Below 
rliese are the blue Bell shales, which weather back, leaving the limestone 
I'tiffs overhanguig. 

In the majority of sink holes the greater part of the cliff is tains 
L-overed. A\here the upiier beds are exposed they are seen fo be fine 
grained, very homogeneous limestones, with a smooth, somewhat conchoi- 
ilal fracture, and spotted by scattered masses of calcite. These are 
t-'ianular. and appear to have replaced minute organisms. The rock is 
singularly barren of organic remains; only occasionally a coral or frag- 
ment of a brachiopod is found. It is for the most part composed of a 
fine lime mud, in which even stratification is not well marked. The rock is 
heavj- bedded and broken by frost into large cubical blocks. The thick- 
ness of the stratum is about 10 or 12 feet. 
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Below tliie are six feet ur iiiote of shaleB, fi-equentl^' bituminous, and 
covered with alum effloreBceuce. Tfaey contain numerous small braucli- 
ing Pavoeites and a few otber fossils. Below tbis, limestones occur 
aguin, whicb, together with tlie bituminous beds and the compact lime- 
stone on tup form the upper part of the beds seen in the walls uf the 
great sink hole. 

B.— THE BELL SHALES. 

These shales are for the most part inaccessible, since they are eith^ 
deeply eroded or covered by drift deposits along their line of outcrop. 
From the well records we know their thickness 1o be about 80 feet, 
which thickness is pretty nearly constant over the uortliern pai't of the 
state. For some years the clay was dug north of Bell and manufactured 
into bricks. The works have, however, been abandoned for many years 
and the pits are full of water. Grand lake is undoubtedly underlain by 
these shales, or carved out of them, but no exposures are found. The 
only place where the shales may actually be seen is in the cliff of the 
great sink hole before mentioned, of which they constitute the lower 
portion. They are, however, quite inaccessible. In color they are blue, 
like those of the Cement company's clay pit, and it is very probable that 
they contain the typical lower Hamilton faunas. The black Marcellus 
shales are absent in this region, and hence we must not expect to find a 
typical Marcellus fauna. Romlnger (p. 50) mentions an exposure of blue 
shales at the base of the bluff in Sec. 6, T. 32 N., R. 8 E., and gives a long 
list of typical Hamilton fossils from these. These beds apparently repre- 
sent the upper portion of the Bell shale. 

THE DUNDEE LIMESTONE. 

This limestone, which underlies the Bell shale, was struck in the 
Churchill well at a depth of* 441 feet. Its occurrence on Middle Island 
is noted by Bominger, who, however, refers it to the basal Hamilton. 
The following localities have been examined: 

hoc. 15. This is along the shore of Burnham bay, southwest of Preaque 
Isle. No outcrops are found here, but the beach is composed of rounded 
and subangular dark to light gray limestone pebbles. Chert is a common 
constituent of this rock, which probably belongs to this formation 
(representing the Corniferous limestone). 

hoc. 16. This is in front of Fresque Isle light, along the shore of Lake 
Huron. A dark, somewhat sbaly, apparently non-fossiliferous limestone 
crops out at the water's edge. This undoubtedly is the lower Dundee 
limestone (stratum 19), which probably forms the shore for a con- 
siderable portion of the county. 

Loc. 17. This is on the mainland, north of Fresque Isle. The rock, 
though locally disturbed, chiefly by shore ice, is undoubtedly in place, 
and represents the stratum overlying that whicb crops out in front of 
Fresque Isle light. The rock is a very compact and uniform grained lime- 
stone, of a drab color, and sparingly fossiliferous. Almost the only 
fossil found in it was a large and rather smooth Paracyclas (P. elliptica). 

Loc. 36. False Fresque Isle. Along the outer shore of this peninsula 
a compact limestone is exposed in low, flat slabs at the water's edge. 
Behind this are high beaches of limestone pebbles. The rock is sparingly 




192 BOAKD OF GEOLOGICAL SURVEY. 

(osBiliferouB, and the following species have so far beea recognized 
among those collected: Atrppa reticularis, 8tropheodonta el. demiaaa, 
Zaphrentis, Cystiphyllum, Euomphalut cf. decewi, Euomphalua cf. 
clymenioidea, Paracyclas elHptica. The last three species mentioned 
are characteristic of the Oaondaga formation of New York and Ontario. 
They may be r^arded as indicative of the Onondaga (Dundee) age of 
the beds in question. The same species are recorded by Bominger from 
Middle Island, and again from Crawford's marble quarry along the north 
shore. 

(TBUKDEB BAY SERIES) TRAVERSE UPPEB SHALES AND LIHESTONE8. 

There are fewer and less satisfactory exposures of the Thunder Bay 
or Upper Traverse series thou of the lower series, owing chiefly to the 
less calcareous character of the strata of the upper series, which allowed 
deeper erosion. Fewer localities have been examined so far, hence the 
present report on the upper series will be less complete. The following 
localities are arranged in the ascending order of the strata: 

Loc. Ic. Dock street clay. This is the remnant of a clay or Bhale bed 
overlying the limestone of Loc. 1. In a test well on Dock street it waa 
found to be about six feet deep. The following analysts of this clay 
was furnished by Mr. Monaghan, and represents a sample taken five feet 
below the surface : 




ANALYSIS OF DOCK STREET OLAV. 



MgO 

A&allaa 

Lou by Ig^lelijD 



Fwo. on 

AiiOi io-aa 

CaCOi 3.S3 

MgCOi i.BT 

AlUllei 0.M 

LoH by IgDltkill T.T8 

Tottl 101. K 



Overlying this clay shale is a thin bed of limestone from two to three 
inches in thickness, of which fragments are scattered about on the fields 
southwest of the quarries. This limestone in places is filled with a small 
variety of Cyrtina umhonata, which resembles in most respects the typical 
form of the species from Iowa.'° It is smaller, less robust, and with the 
beak less arched than is the case in the variety alp&ienais, which is the 
most characteristic form of the higher strata. 

Loc. 21. Fletcher dam. This locality, formerly known as Broadwell's 
saw mill and mentioned by Romlnger under that name (loc. cit. p. 44), 
is on Thunder Bay river, in Sec. 7, B. 8 E., T. 31 N. At the Fletcher 
pulp and paper mill, a reef of the type found in Loc. t, but lees extensive, 
appears in the river bottom, and formerly caused a fall of several feet. 
The dam was built over this reef, and thus the strata at this point are 
not accessible. Ijirge heads of Favosites and large specimens of Cysti- 
phyllum occur among the debris at the base of the fall. On the right 
bank below the dam, the strata dip about eight d^rees down stream. 
On the left bank of the race below the mill, about six feet of rock are 
exposed. The upper half of this is an earthy, gray, thin-bedded foesilif^- 
ous limestone, with beds perhaps three-fourths feet thick, and less. The 

"Bee Pal. Iowa, pi. 5. flf. 2, 18S8. 
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lower half is a bluiBh gray, calcareoas Bhale, vith a sandj feel, and the 
appearance of a natural cement rock. This is full of what appear to be 
eun-cracke, and only occasionally contains fosaiU. Atrypa reticularis, 
Spirifer granulosus, S. mucronatus, and Ceratopora have been observed 
in it, besides fenestelloids. This shale is exposed for about 20 feet down 
stream, when the dip carries it below the water. The dip at the upper 
end of the race is five degrees ea'fet of south, which abnormal direction and 
lar^ angle is probably due to the buried reef. 

In the race below the mill the lower strata have been uncovered, and 
the fragments thrown upon the bank have weathered and readily yield 
their fossils. This rock has the appearance of a limestone breccia in 
which the spaces between the liniestODe fragments are filled by masses 
of bluish gi-ay clay. Both clay and limestone effervesce freely with 
dilute hydrochloric acid. It is essentially an old reef of Bryozoa and 
branching corals, among which Craspedophyllum archiaci and a small 
species of Ceratopora (?) predominate. Branching species of Favosites, 
and the large spreading masses of F. placenta and large heads of Favo- 
sites alpenensis, var hilUngsi, are common, and with them occur Strom- 
bodes alpenensis, Acervularia davidsoni, and occasionally Cystiphyllum 
vesiculoBum. Brjozoa of various types are abundant, but brachiopods 
are comparatively rare. Among those found are Spirifer aspcr, 8p. 
audaculus, Cyclorhiiia nohilis, and Atrypa reticularis. Crinoid stems 
are abundant, and heads also occur. Those noted are Dolatocrtnus 
triadactylvs and Dolatocrinus sp. 

The-following analysis of the blue shale at Fletcher's dam (second bed 
from the top) was furnished by Mr. Monagban : 

SiO, 21.54 

CaO 37.89 

MgO 1.26 

A1,0, 4.58 

FeO 2.37 

Loc. 24. Boom Company's dam. This locality is on Thunder Bay 
river, seven miles above Alpena and two miles or more above the pre- 
ceding locality. (Sec. 2, K. 7 E., T. 31 N.) The mill site was formerly 
known as Trowbridge's mill, and is mentioned under that name by 
Eominger (loc. cit. p. 44), Along the left bank of the stream the shales 
are exposed in a cliff about 15 feet high. The lowest beds are bluish 
sandy lime shales, breaking irregularly and having a sub-concretionary 
character. They weather brown, and leave much earthy residuum. Fos- 
sils are rare. In appearance these shales resemble somewhat the lower 
exposed beds of the Fletcher dam section, and both are not unlike the 
blue beds of the Warner brickyard (TjOC 25). Spirifer and small corals 
occur in it, and it shows sun-cracks similar to those of the blue shales 
of the Fletcher dam. The thickness exposed is about four feet, but the 
total thickness is probably much greater. 

This stratum is succeeded by a foot of grayish subcrystalline lime- 
stone, full of a small variety of Cyrtina umbonnta, identical with that 
found in a similar bed overlying the clay of Dock street northeast of 
Alpena (Loc. Ic). Judging from the appearance of the rock and the 
fossils alone, these two beds may be readily correlated. That they are 
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the same bed is, however, not proven. On the right bank of the river, 
bt-'low the dam, six feet of the bluish shales (which at times become some- 
wliat strongly calcareous, but generally have a distinct shaly character 
aud show sun-cracks) are shown, overlain by the CjTtina bed. Some of 
the upper beds of this blue shale series are of a more calcareous character, 
aiid weathered lo a brownish color. They then resemble the upper beds 
of the Fletcher dam series, but they are^juite certainly not equivalent. 

Above the Cyrtina bed, on the left hank, are again about six feet of 
bluish shales, similar to those below, but somewhat more fissile. These 
aie practically unfossiliferous, as far as lias been ascertained, and are 
•ruerlajn by calcareous beds wliich become more and more foesiliferous 
near the top. The upper beds are weathered, where they are uncovered in 
the building of a road, and here a large collection of fossils was obtained. 
Among the species abundantly represented are: Spirifer mucronatus, 
Athyris fultonensis, Atrypa reticularis, Spirifer granulostia, Pentame- 
rella dubia. Cyrtina hamiltonen»i6 (small but robust type), Stropheodonta 
daniaaa, Cyrtina umhonata alpefwnsia. 

Among the rarer species are: Camarotocchia cf. dotis, Stropheodonta 
iivcrea, Cryptonella rectiroatris, Eunella lincklaeni, Conocardium, 
Pleurotomaria (several species), I'hacops rana, Striatopora rugoaa, Pent- 
remites, tegminal spines of criuoids, etc. 

The relation of these shales to those of the preceding locality is not 
i|uite clear. Eominger considers them below those of Fletcher dam, and 
makes the former series about 50 feet thick. This relation is probably 
the true one, but needs verification. The great similarity of the Cyrtina 
bed near the base of this section to that found overlying the Dock street 
clay, suggests their identity. Jf this is the case, and the beds of the 
Fletcher dam overlie those of the present section, the lower part of the 
Thunder bay series, from the Alj)ena limestone to the coral bed of 
Fletcher's dam, is not over 70 or 80 feet, if as much. As will be seen 
from a comparison of faunas, there are good reasons for believing that 
The shales of the Warner brickyard (Loc, 25) are the same as those 
exposed at Fletcher dam. This correlation is, however, only a tentative 
one and requires verification in the field. 

Loc. 25. Warner brickyard. This locality is in the southwestern por- 
tion of Alpena, and about due northwest of Stony Point. The top bed 
here consists of about a foot of thin-bedded limestone, frequently with 
^haly partings, and quite fossiliferous, containing the following char- 
.Tcteristic species: Dolatocrinua triadactylua, Sti-iatopora rugosa, Codas- 
ter cf. canadenma, a large Fistuliporoid bryozoan (which is very com- 
mon), and Craapedophyllum archiaei. This species occurs commonly in 
slender, isolated fragments, as at Fletcher dam, and associated with it 
is the small clustered species of Ceratopora (?) found at that locality. 
Other species found in these beds are: Orthis (Schizophoria) cf. pro- 
pingua (small), RkipidomcUa vanuxcmi (?), Atrypa reticularis (com- 
mon), Spirifer audaculus. Gypidula romingeri (young), Pentamerella 
papillionenais (?), Cyrtina hamiltonetiais, StropheoiU>nta cf, costata 
(rare), Cryptonella, Zaphrentis, Aulopora, Favoaites alpenensis, Dendro- 
pora altemana, Fenestella, Loculipora. 

Below these calcareous beds are shales with occasional bands of argil- 
laceous limestone, the latter only a few inches thick. In the exposed por- 
tion the shales have weathered lo a brownish gray, but lower down they 
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are blue. They are highly foseiliferous, Bryozoa predoiuiuatiiig. The 
following species have been noted : 

Athyria fultoitciisis (common), Atri/pa rcliciilaiis, Spirifer, Eunclta 
tp., Striaioporoi rugosa, Dendropora alternaiis, Ceratopora, Dolatocrimiit 
triadactyluSf Feuestella. Loculipora, other Bryozoa, Crinoid stems. 

The association of species suggests that these beds ai-e the same as 
those exposed at Fletcher dam. This seems to be particularly indicated 
by the abundance of Craspcdophylltim archiaci, which nowhere else has 
been noted in equal abundance. The Iteds of these two localities are 
provisionally correlated, but this correlation mnat be verified. They are 
in proper alignment along the strike of the strata. The following 
analysis of the blue shale of the Warner brickyard was kindly given me 
by Mr. Monaghan : 

ANALTSIS OF THE WARNER BBICKYARD CLAY, 
. 04.46 The mat w 
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Loc. 22. Stony Point, This is on the shore of Lake Huron, just south 
of Alpena and southeast from the preceding locality. The surface of the 
country over an acre or more exposes ledges of a gray, argillaceous lime- 
stone, with numerous weathered-out corals, chief among which are Cras- 
pedophyllum archiaci, Stromatopora, Favosites, Cijathophyllum traven- 
, aense, etc. The rock extends perhaps 50 feet out into the lake, after 
which it is lost to view. Rominger mentions quite an extended list of 
fossils from this locality (loc. cit. p. 42), As before noted, the Stony 
Point ledges lie SO feet or more above the Alpena limestone. If, as there 
is reason to suppose from the correspondence of the faunas, the Stony 
Point and Fletcher dam limestones are equivalent, the shales and lime- 
stones included between Ihe basal members at the latter locality and' 
those at the Boom company-'s dam must have a thickness of from 60 to 70 
feet, provided the Cyrtina bed at the base of the Boom company's dam Is 
equivalent to that of Loc. 1 and, like it, not over 10 feet above the Alpena 
limestone. If this is the case, the beds which yield the rich brachiopod 
fauna of Loc, 24 lie about midway between the Stony Point and Alpena 
limestones. 

Loc. 23. Partridge Point. At this locality the highest beds of the 
Thunder bay series are exposed, the overlying black St. Clair shales 
appearing on Sulphur Island, southeast of the point. No exposures have 
been noted between this locality and Stony Poiut, and the character of 
the intervening strata, some 50 feet or more in thickness, is still unknown. 

The cliff facing the lake at Partridge Point is about 12 feet high and 
covered with a foot or more of shell-bearing gravel. The upper beds of 
the series are poor in fossils, Spirifer mucivnatus being about the only 
species found. The limestone of the upper four or five feet of the cliff is 
thin bedded and more or less lenticular, with shaly partings between 
the layers. The beds consist mostly of irregular lenses a foot or moi-e 
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in diameter and of uneijual thiokueBB. These limeBtoneB are dark bluisli- 
graj OQ freah fracture, bnt weather yellow and brown. They generally 
consist of comminuted crinoid stems and small corals (Favosites, etc.), 
with comparatively few brachiopods (Atrypa reticularis, MerUtella ros- 
trata, Camarotoechia, etc.). 

Three and a half to four feet from the top of the cliff is a more or 
less continuous layer of Cystipbylluni, with occasionally other large 
rugose coi-als. This lias been traced the entire length of the section, but 
the corals ui-e most abundant near the middle portion. All the corals are 
prostrate. For about a foot above and below this layer, Pentremites, 
Codaster, Nucleocrinus, Dulatocrinus and Megistocrinus occur not 
infrequently. 

Among the limestone beds corals of the genera Favosites and Craspe- 
dophyllum are common, the former being represented by various species, 
including F. alpenensis and F. placettta of the type found at Fletcher 
dam. Craspedophyllum is represented by C. caeapttoaum and C. archiaci. 
Cystiphyllum, Cyathophyllum and Stromatopora of various species are 
likewise common, and large heads of Syringopora are not infrequently 
luet with. One of these measured over two feet in diameter. Bryozoa are 
also common. In some layers, pai-ticularly the shaly oues, braclxiopods 
(Meiistclla roatrata, Cyrtina timbonata, Athyris futtonensis, etc.) pre- 
dominate, though these are never very abundant. 

The lower portion of the cliff consists of shales with thin-bedded 
calcareous layers. These are readily worn away by weathering and wave 
attack, and the more resistant beds above project. The undermining ia 
a comparatively rapid process, and falls of rock masBes from the cliff above 
occur almost nightly. 

The shaly layers contain few fossils, but the interbedded calcareous 
layers are rich in them. Some of these latter appear to be made up of 
Bryozoii, particularly the frondose types (Fenestella, Polypora, Loculi- 
pora, etc.), and these are often beautifully preserved, not infrequently 
showing something of their original contour. Trilobites are rare, only a 
few specimens of I'hacops rann having been found. 

The capping beds of the Traverse group of this region consist of a 
brownish granular dolomite of considerable hardness. These beds, 10 
feet of which are recorded in well No. Ill, — 1, are exposed along the shores 
of Thunder bay on the south side of Partridge Point. In the absence 
of fossils, it may be indiffei-ently referred to either the Traverse or hi^er 
beds. It is here included in the former group. 

No exposure of the black shale has been found on Squaw bay, its 
occurrence thei-e resting on the authority of Dr. Bominger. The shale, 
however, is prominently exposed on S^ulphur Island. 
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LITTLE TRAVERSE BAY REGION. 

A, WELL RErORl>S, 

Only a few wells have been put down in the Petoskey or Little Tniveree 
bay region, and of only one of these, the Charlevoix well No. 3, have I 
seen the samplcB. 

Bail View ^^'cll. 

Reported by H. P. Pamielee and A. J, RichardB. Completed July, 18fl."j. 

This well is 120 paces noi-tliwest from the door of the G. R. & L U. R. 
Bay View station, 4Vo feet above the buy, and 411 feet from the shore. 
The record is as follows: 



ft- 4 ShlDgle. 

4—261 Cream llmeiCone. 

KA-tf2 Medium grej llmi 

462—47.11 ^rk Umescone. 



— IT.11 Dark 

-48»I aefei 

*, 2l>«bl>lB. > 



At 450 feet depth a hard stratum was found, in which only a foot and 
a half a day eoiild be drilled, lleneath tins the water was struck. In all 
the rock, except this indurated bed, the drillings were from 10 to 12 feet 
per day. 

Peloskey Well. 

H. r. Parnielee, Charlevoix; C. S, Hampton. O. S. Richmond. Peloskev. 
Drilled in 1SS8. 

This well is 33 feet north of the Chicago & West Michigan railrond 
station, near tlie end of I,ake stret, Petoskey, and ISO fwt from Rear 
river. A flow of sulphuretted water, relatively low in NaCI, was 
obtained. 

The well is drilled in an old drift-tilled valley, or rock gorge, for rock im 
found in place five feet from the surface on either side. 

The following record was obtained: 



Feet. 



.to. (llaclal gravel, 





Limestone strain, hiebly fossil jferoiia tl 


iroushoiil the enllie depth. The faui 




la nearly Ihe Bame aa Ihat loiind in 


the surfa.'e bed- Tolor light gray, a tc 




strata flulte dark and much harder 








lleneath Uils wns a dowof qnllc pu 




water, somewhat charged with III 




355. 


A nearlj aolld bed of Acervularla llmt 


■Btone. without a trace of mollusca i 




other corala. rolor light, often ore 


■nmj- white. 


3,-iS. 




>hereDI striK-Iure. 


435. 


Dark shale 80 feet In thlckDess. equlTale 


nt to nell sbale- 


655. 


About VM feet ot crjBlalllne limestone (Dundee limestone) of same colo 




tenure and com,H>Bl(lon throughout. 





Chaila-oiit WcJh. 

Three wells were put down in Charlevoix within 50 feet of each other. 
I have examined the snmples of well No, 3 and from it obtained the fol- 
lowing record." The upper 230 feet were of unconsolidated material, 
showing the existence of an old buried valley under Charlevoix. 

468ee Water Supplj Paper Xo. 31, p. 87. The beds down to 300 feet are rather dolomltle. I* 
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Record of Charlevoix well : 



} tixt. Sand. 



1 ITO feet. 

) ITU teet. 

1 U30 tfet. Haai : qulckrond 



:;;iO. Kloettrainpil <■ 

oC Ihat rock are a 

g. I.oc. 30. No rt 
240. tiray ILmealoup. agi 

trwly wUh dllutp 
aSO. Karthy or cbaIVy, 

day udur, UeInK 



TO. Finely itratllled abslp, e 
UU. KoHBilKerouB whltlati III 

It rB^Tveiscr-i freely i 
BO. White iTyatalline llmesti 

Iragmcnta ol Acrrcula 



2U teet, 

bed r of Loc. 3S, bnC 
. It also agrees with a 
Cound In Ibe lamplea. 

No fOBSlla In UKnpli 



ome at the darker portlopi ot bed 
1th bed e. Loc. 46. It eSerreacea 



;ed clayey llmestooa will 
t In large part clay, out with aufflclent lime m hive ii. 
rree errerreeivuce wllb dilute HCl. It corresponds la 
bed of Loc. 48, but la darker and somewbat more poroua. 



arthy tban bed 

ea feebly witb atrong HCl. Campncc 



QBlderable eryatallln 



foul Is. 
caldte. It carrlei 






315. Drownla 

freely In (lllule IKI. 

330. Gray, tompHct calcare. 

freely In dilute IK'l. 

aS-l. FragmentB ut Xeni-iKo 

dently embedded In i 

34S. Uray culcareiiua abole. 



. BlIerTeBces freely with dll 
teiture, nartlally oildiied. 
leaa a good clar 



efferreaclng freely with 



3G0. Oray, compact. Hemlarslllaceoua llmeaCon 

Btema. Miirh ahale is mixed wltb tbe 

Fragments ot Aren-ularla davldtanl and FaTOSltes. 



er, and dferTesclog 

ia davJdsoni wllb Ibe callceB free ttom matrli. and ctI- 
ay. No clay la, bowerer, retained, 

mlied wltb pure wblte llmeBtone, tbe latter conlalnlKX 

larla. 

one, and some white llmeatODe, wltb traKments ot Splrlfer 

.■ularta davldioni Is abUndaOC. FaTOSltea and Alrypa 

tosBllB not obserred, except crinold 



3TU, Comijatl. gray, i 

375. FluegrBlned, a 
those of I^c. 

aST. LlmeBloue and 

3WJ. Cray argillaceoi 

400. Chalky clay, i 

102. Klulsb gray cli 



B llmeB 



fOBBllB 



It li 






Biigbtly c 
gray llni 



one containing Acervularia. 
■earn eolored- 
iclng feebly with HCl. 
■ -arthy. 



_ - - .. sntlcal with the r 

4;^. Llniexlone similar to that at 410 feet, No tossUa. 

430. Cream i.'olored earthy clay, somewhat more calcareoua than that at 402 feel. 

443, llFowu handed llmpstune, mingles wltb black and gray shale containing Atrupa 

rciicniaris, etc, 
44T. Klulah clay. non-clTervescent. 
4110. Bame na preceding, 
4T0. Same aa preceding. 
4tiJ. ^me as preceding- ^ 

Xo fossiU liiive been observed in any of the samples of blue clay seen. 

It. ^RECORDS FUOM OUTCROPS. 

The outcrops studied are along the shore of Little Traverse bay, on the 
norlhwestern side of the Ixjwer Peninsula of Michigan. It is from this 
region that the formation derives its local name. The outcrops are much 
less satisfactory than ai-e those of the Alpena region, and the rocks are 
iniK-Ii less fossiliferoiis. The shore of the bay extends along the strike 
of the strata, and heuoe nearly the same beds are exposed in the various 
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sections. Only in the BOuthweBtern portion of the shore line, where the 
shore trends across the strike, is a rapid stratigraphic ascent made. 
Owing to the existence of a number of minor folds or undulations whose 
axis is norma) to the strike of the strata, a number of beds which would 
otherwise be below the water level are brought to the surface. The thick- 
ness of the exposed beds is not much over 100 feet, while the total thick- 
ness is probably between Q50 and 600 feet. The exposures begin about 
a mile and a half east of Petoskey, near Bay View, and extend with numer- 
ous intcrrruptions to near Norwood village, beyond which the Black 
shales appear on the shore. The total distance along the shore from the 
point of flrst appearance* to the final disappearance of these strata is 
over 30 miles. What the normal dip of the strata of this region is has not 
been ascertained. 

Loc. 38. Opposite Bay View station. In the building of a road at this 
locality about four feet of limestone were quarried near the lake. These, 
with simitar beds shown at the bottom of the bay, are among the highest 
beds of this r^ion. They are thin-bedded argillaceous and bituminous 
limestones, often with thin, sbaly partings. Bituminous matter is com- 
mon, and the rock often smells strongly of petroleum. When weathered, 
as near the surface, it is porous, soft and friable, and deeply stained by 
iron hydrate. Tlie fossils, Spirifcr mucronatua, &', consobrinua (?), Cyr- 
tina hamiltonenaia, Stropheodonta eiTatica, Productella, Bryoaoa, etc., 
generally stand out in relief, being more or less silicifled. Borne slabs of 
the rock are covered with coarse intersecting ridges, of the thickness of a 
finger or less, which may represent casts of marine algte or may be those 
of large sun-cracks. They are unjoinled, and cross each other at all 
angles. 

The same strata are shown in a cutting behind the beach, near the rail- 
road. The upper beds here are a line, uniform-grained, non-fossiliferous 
rock, smelling strongly of petroleum. It has been weathered yellow and 
become very soft, being easily crumbled between the fingers. 

Loc. S9. Petoekey. In the first quarry,- near the northeastern end of 
the section, the following succession of strata is shown. In the eastern 
end the dip is northeastward, while further west it is four degrees to the ■ 
southwest : 

«. The lowest bed exposed is a dark, grayish-brown, flne-graiued, 
friable limestone, freely effervescing in dilute HCl, porous and with a 
strong petroleum odor: 4'. 

ft. Light, creamy-gray, fine-grained limestone, freely eflEervescing in 
dilute HCl, soft and porous and with the stratification line marked by 
bluish bands occurring at intfn-als. It contains a few pelecypods 
(Edmondia?) and occasionally Favosites : 4'. 

Itetween this and the next overlying stratum is an inch or two of shaly 
matter. 

c. Porous, finegrained limestone, weathering dark brown. Xear the 
western end of the quarry it constitutes the lowest bed : 3.5'. 

This bed is separated from the one next above by thi-ee or four iuches 
to a foot of sbaly rock. The shaly partings are frequently carbonaceous, 
thin films of the coaly matter covering the laminie. No plant remains 
have been identified. Bed c is much like bed a. It contains similar car- 

* For rhe iWBitLon of th« relallre oiitrrops s^e the msp. Plate Vltl. 
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bonaceous films, nnd has nlso a bituiiiiDous odor. It is ver; soft and 
friable iu places, 

d. Lighter coloi^d limestone, siiiiilnr in all respects to bed b, Xo 
fossils found. 6tratiflc<ition is well marked, and bituminous films are 
common; 3.75'. 

c. Similar rook, but filled nitli small masses of Stromatopora. The 
aspect of this mass is that of a breeciiiled limestone, or like a conglomerate 
in wliich the pebbles are fragments of coi-alliue. Where the rock has been 
exposed to the weather for some time it is rough surfaced, with numerous 
solution hollows; 2(J'. 

In some parts the lower four or five feet are like the rock below, — 
massive and uniformly fine-grained, with few or no fragments of Stroma- 
topora. In most places, however, the rock is full of this fossil throughout, 
being in fact a coral bi'eceia. The Stromatopora fragments are of all 
shapes and sizes, often angular, and so far as observed never entire. A 
fragment, with the abrnpil.v cut-off lavers of growth, is illustrated in the 
annexed figure. Solution seems to have gone on to a considerable extent 
in these heads before tliey wei*e buried by the coral sand which now forms 
the limestone. Cracks and solution cavities ai-e not uncommon in the. 
coralline masses, and these are filled by tbe coral sand. 




Fig. 3. Bei'tioD of a worn SCruinHtApon) heail. 

The Stromatopora are not the only fossils. Cyathopliylloid corals, 
Favosites, Conocardium and others have been found, and are sometimes 
commou. 

The majority of the Stromatopora masses lie overturned, or in some 
other abnormal position, whi<^h clearly indicate motion. The matrix iu 
which the masses of coral are embedded is of a sugary character, rather 
soft and crumbling, and effervesces freely in dilute HCI. The fossils 
which it contained are mainly dissolved out, and the cavities often lined 
with calcite crystals. Xo analyses have been obtained,* but report credits 
this rock with a high per cent of Ca<'0,, which in some instances 
approaches 100. Some specimens of Atrypa reticularis have been obtained 
from the upper portion of this stratum. This stratum may be traced 
along the railroad track to within a short distance of the railroad station. 

• 'The tollowlnK commercl&l aiul} sli wag puhllihed bj E. R. Sly : 
raCOj M » 

Mgcos 4.n 

BAkDce 4. TO 

Mr. H. r. Faimelce n; « Uiat \l rniiB up to S8 jict cent L. 
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f. Overlying the Strotuatopora bed is a cream- colored limestone, which 
appears much shattered in the cliff. Fallen blocks, which appear to be 
from this bed, are of an earthy, rather argillaceous character, effervesce 
fi-eely in dilute HCI, and contain nuiiiorons carbonaceous films represent- 
ing narrow, reed-like plants. Other fragments, apparently from this 
bed, cojitain Favosites, but i-arely other fossils. The bed is inaccessible. 
Estimated thickness, 4.5'. 

ff. This is the highest bed in this sr-ction. It consists of a granular 
lime-sandstone* of a sandy feel, and effervesces freely dilute with HCI. It 
is somewhat darker than the rock below and contains numerous large 
coral heads, which apparently grew where they are now found. Diphy- 
phyllum panicum makes up the greater portion of the bed. It occurs in 
abundance at the foot of the cliff, and must have fallen from above. The 
species appears to he restricted to this Ited. Associated with it is Cysti- 
phyllum and Favosites. yi-hile At ry pa irticiilaris and GifpUlula romingeri 
also occur, though sparingly. The thickness of this bed is estimated at 
.5.6'. The top of the cliff is formed by a layer of stratified sand several 
feet lu thickness. 

The total exposure of rock iu this seulion is 50 feet. 

These beds are the Sti-oniatopora beds of Winchell, who considered them 
the lowest of the series. Kominger, on the other hand, considered them 
as belonging to the higher members of the group, and with this view I 
concur. As will be shown below, (he name Stromatopora beds is not 
applicable to other exposures of this series, where the prevailing coral 
is Acervularia, while in some portions fossils are entii-ely absent. The 
name Petoskey limestone is more sprviceable for purposes of correlation, 
since these beds are so finely exposed at I'etoskey, Moreover, beds at a 
lower horizon are fully as rich in Stromatopora. and would Hjuallj well 
deserve the name. 

Lor. -iO. .Vbout a mite west of the mouth of Bear creek, ledges are 
exposed at the water edge, consisting of a tliin-bedded, fossiliferous lime- 
stone. The lowest beds seen are somewhat shaly in character and are 
crowded with large shells of (itropheodoiil'i iKivim. Associated with them 
is iipirifer iiiiicronfitus, which is likewise jiliunihuit. Overlying these beds 
are gray limestones contiiining Accnuhiriit ihiriilHoni. Favosites and 
crinold stems, besides other fossils. XcM iiliovc these limestones gray, 
calcareous shales occur again, in which siinjiliiodonta narica is the pre- 
vailing species. Spit if cr viiieroiiotiis and Atniiio rctinilnris occur with it. 

These beds are so well characterized li.i iln' prevailing fossil, Strophe- 
odoiita tiarrca, which is an easily i-ecotmiKcil fm-iii. that for purpose of 
reference I shall call them Hh-ophcod'xiln ii'i'-mi licds. Tliey will be 
referred to again in other sections, wlu-iv ihcy -.uv iipparently exposed 
again. These ai-e the lowest of Wincbell's ■Tnipiilolcjitus beds" (loc. cit. 
p. 42), the upper beds being those of Incality 41. In the supplement to 
his report. Professor Winchell changes the niime to Bryozoa beds, since 
the supposed Tropidoleptus proved to lie a Stropbeodonta (S. erratica). 
Winchell assumed that these beds and those of the nest locality, which 
overlie them, were stnitigraphically atmve the Strouiatopora beds of 
Petoskey. This is probably an error, for the well sections show the upper 
beds of this region io be of the type exposed iu the Petoskey quarries. 



I ufcd tbroueboul 



r 
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These beds furthermore appear to underlie those carryiDg the Acer- 
vularia clays (Acervularia beds of Wiuchell), since a coDtiououB section 
at Loc. 46 from tliese clays into the Petoskey limestone does not reveal 
them, t 

Loc. Jil. About one and one-half miles west of the mouth of Bear creek 
is a low bluff, about twelve feet in height, and extending for several hun- 
dred feet parallel to the shore, and-a short distance behind it the cliff 
shows gray, fine-grained limestone beds with shaly partings, often several 
inches in thickness. These limestones contain Acervularia davidsoni, 
Favosites cf. alpcnensis, Atrypa reticularis^ Stropheodonta nacrea (of 
large size, occurring chiefly in the more argillaceous portions of the rock) , 
PentamercUa cf. duhia, and Spirifcr mncronatus, besides Stromatopora 
and other fossils. The black parting shales contain Pterinea fliibeUum, 
Stropheodonta erraiica, and Modioraorplia, The limestone is dark-gray, 
fine and uniformly grained, weathering to a light-gray color. It 
effervesces freely with dilute HCI, and has an argillaceous odor, a clayey 
residuum remaining on weathering. ' The niaBses of coral in it are gen- 
erally more or less worn, and the cont.ict between them and the maitrix 
is a sharp and regulai- one, showing that the fragments have been rolled 
about and worn smooth. This shows that at least some of the coral beads 
were dislodged from their anchorage, and marks this limestone as probably 
formed on the outer portion of the growing reef. 

The dip of the strata is as high a^* ten degrees to the northeast. This 
is near the southwest end of the bluff; in the northeastern end the dip is 
more nearly horizontal. 

These beds are Ko. C of \^'iDcheir8 section, with possibly a portion of his 
higher beds. 

Loc. 4^. This locality is described by Wincbell as situated in the S. W. 
Yi of Sec. 2, T. 34 N., It! 6 W., Loc. 86l! The section begins about two and 
one-half miles west of the mouth of Bear creek, and between it and the 
preceding localily is a long, high drift-bluff, with no rock exposures. The 
bluff at the eastern end of the section is about fifteen feet high, and at its 
foot is a talus of four or five feet. The highest bed of the section is 
exposed at the eastern end and is designated bed 1. The succession from 
above downwards is as follows: 

42r. The upper beds of the section consist of a bluish calcareous shale, 
which weathers into a brownish-gray clay and contains many fossils, 
which may be collected on the talus. Chief among these are Spirifer 
audaculvs, a small but strongly spinous species of Frodnctella, Atrypa 
reticularis, Utropheodonta erratica, Farosites alpencnsis, Acervularia 
davidsoni, Cyathophylluni, and ilederella; also from blocks probably from 
this bed : Vyatkophyllum traversense, Qijpidtila romingeri, Phacops rana, 
Craepcdophyllum archiaci, Platyceras, and others. Thickness, i'. 

4211, Next below this is a limestone with sbaly partings between the 
beds, especially in the lower portion. It contains numerous corals, among 
which Acervularia pl-edominates: fi'. 

42G. Next below this and forming the lowest lied in the eastern por- 
tion of the cliff, is a gray, porous lime-sandstoue. cousixting of fragments 
of brachiopods and other organisms finely roniminuled. It is somewhat 
petroliferous and has a S)\udy feel. Stropheodonta erratica and other 
brachiopcHls and a few corals have been observed in it: C/. 
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The dip of the strata in this region is from five to six degrees to tlie 
northeast, i. e., towards Petoskey, 

These strata may be traced westward for half a mile or more to Rose's" 
quarry, where a deep section is opened, exposing the lower iuemt>er8 of 
this series. Before reaching the quarry, bed ti and the overlying oneg hare 
been cut off owing to the steady westward rise of the strata. At the 
quarry the axis of the low aoticline in which these beds are involved is 
located, beyond which the strata dip westward. At the a:Eis the upper 
beds have lieen worn away down to the blue clay, bed D. 

42P. Blue clay, rich in fossils. In every respect except thickness like 
bedD: %'. 

42E. Limestone with Acervularia, cup corals, and other fossils, which 
occur chiefly near the top of the bed, where it is more shaly. The limestone 
is dark-gray, flne-grained and crystalline: 1^4'. 

42D. Blue, highly fossiliferous clay, rich in fossils, among which the 
following are the most characteristic: Acervularia davidsoni" (well- 
preserved, complete heads up to six inches or more in diameter), Cyatho- 
phyllum traversense, and Favoaitcs alpenengia often iu large heads. Other 
species of common occuri-ence are Stropheodonta cogtata, Pentamerella 
cf. papillionenais, Athyria fultonensis, TerebratuUi fraversen^is, Cyrtina 
hamiltoncngis, Eunella Hncklaeni, Atrypa rctkularia, and a number of 
others. The thickness of the clay is 3'. 

This is the bed more particularly designated as Acervularia bed in 
Winehell's section. 

42C. Shaly ai^illaceous blue limestone, sometimes in several layers 
near the top, with thin shale partings: 2'. 

42B. Compact, creamy-gray, fine-grained limestone with conchoidal 
fracture. This contains numerous heads of Stromatopora, all apparently 
perfect, and ranging in size up to two or thi-ee feet. The rock is much 
shattered and looks concretionary, owing to the presence of the Stroma- 
topora. The latter is generally surrounded by a film of carbonaceous 
matter, which appears to be the original animal matter. At the top of this 
stratum, and also at intervals within it, are thin beds of black car- 
bonaceous shales (sometimes stained brown by iron hydrate), and full of 
flattened shells of Stropheodonta erratica, with a few other fossils. The 
thickness of this stratum is about 6'. 

42A. Cream colored limestone similar to the preceding, but lighter 
colored. It is fine-graiued, compact and with conchoidal fractures, and 
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47 The Btalement li frequently made that our npeclea. I 
vnlaria iavidioni, E. It H., ban no aecondarr wall. SDd that bence our ipecJes 
RomlDger placed It upder CyathopbTllum. while Slmpaoa (Bull. N. Y. Slata muBeum nu. o». 
1900. p. 218) has originated tbe oew genua Prisma topbr I luta. with Qvothophpffum ruiroaum 
Bi the type, and placed tlits apecleg under It. It Is true thai there 1> no real aecondarj wall 
In our apeclea. the appearance ol aucb a wall l>elng produced by tbe uullorm arraDnement ot 
a circle of dlsaeplmeniB. and tbe atoppage ot the ahocter sepia at thla point, 
alao true of typical European flpeclea, In which the longer sepia and often the 
shorter septa also pass ^e.vond tbls wall of cysts. Whether such a wall la o. . . 
morphologic equiralent of the secondary wall ot Crsspedophyllum and DIpbyphyllnm. where 
tbe septa do not extend beyond that secondary wall, does not affect the qaestlon as Co the 
generic eflulTalence of the American and Kuropean species. It we regard the prlsiuatlc apeciea 
of Cyathopbylluni as congeneric with Acervularia as represented by American species, — as 
Romlnger. SImpBoD and olbera have done, — all ot these species should be placed under the 
geana Acemilarla, and Simpson's generic name Prlsmatopbyllum becomes a synonytn. I 
iMllere (bat Simpson Is right In separating tbe prismatic apecles generlcally from Cyatbo- 

Sbyllnm. The name Acfiriilaria dariitfani bas treen retained (or the present tor our species, 
>av1nK tbe exact geuerk and speclQc determlDBtlon (or future Inyestlgadon. 
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effervesces freely with dilute IICI. A few Bpecimens of Favosites and 
other fosBils have been seen. The beds are fi-oui oue to two feet thick, and 
some of them are separated by tbin bandB of brown, bituminous shales. 
Thickness exposed, about 8'. 

These beds, though in some respects similar to the limestone of Petos- 
key, are from fifty to a hundred feet below it. The abundance of Stroma- 
topora in bed B might lead to a confounding of these two beds the one witb 
the other. In the present bed the Stromatopora heads lie in normal and 
apparently undisturbed position, while those of the Petoskey limestone are 
nearly always worn and fragmentary. 

Loc. ^3. Nathan Jiirmau's quarry. I'etoakev. The location of this 
quarry is in the N. W. 14 of the B. W.' Vi of Sec. 0, T. 34 N., R. 5 W. This 
quarry was opened in tlie hillsides above Petoskey at an elevation of 
about 80 feet above the lake, and distant from it about half a mile. The 
succession is as follows from above dowu: 

-13B. Light gray, comiKict limestone, much shattered in the quarry 
and in places thin-bedde<l, with occasional thin carbonaceous films. The 
rock has a conchoidal fracture, and effervesces freely in dilute HCl. No 
crystalline structure is shown under the microscope, the mass being 
extremely compact and fine-grained. Fragments of organic remains and 
calcite veins occur. Thickness exposed, 12'. 

43A. Darker, fine-grained, somcwluit more crystalline limestone, with 
petroleum odor : G'. 

Below this are other K'ds of similar quality, with some carbonaceous 
films. 

These beds probably repi-esent the lower portion of the Petoskey lime- 
stone, similar to those shown i» the (juarry at Petoskey. At the shore 
below this point the beds of Loc. 41 are exposed. The inter\'al between 
these beds appears, therefore, to lie in the neighborhood of a hundred 
feet, — taking into consideration the southward dipping of the strata over 
the half-mile interval. 

hoc. -if. About a third of a mile west of the point where section 42 was 
measured (Kose's quarry), limestones crop out on the beach. 

1. The first beds seen are apparently at some considerable depth below 
the limestone \'1\. It is a dark, crystalline but fine-grained, compact 
limestone, with brachiofiods (Atrypa rctkiilaiin, etc.) siMiringly repre- 
sented. It dips 10 degrees northeast. 

2. lodges are shown at iutervais under the water of the bay, in going 
westwaitl. Those clearl\' belong below the jireceding. Rome five feet or 
more of these limestones are shown in a series of low anticlines. About 
half a mile further west, the following section has been o])ened in a small 
quarry on the shore: 

\. The lowest t>ed« iiru gray, crystalline and somewhat fossiliferous 
limestones, ratlier shaly in the upjier portion, and containing large heads 
of Acervularia and Stromatopora, over which the strata arch as on Thun- 
der Bay Island. Rome thin layers of black, bituminous, shaly limestone, 
with a strong peti-oleum odor, occur toward the top: 18 in. 

B. Limestone similar to A, in beils from (J inches to a foot in thickness. 
>'o coral heads seen: .t', 

C. Beach material. 

Along the beach occur many slabs of shaly limestone containing 8tro- 
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' pheodonta nacrea iu abundance. Ttiese are from ledges near by, but 
probably submerged. 

For perbaps two miles along tlie shore, rock is exposed at tbe water's 
edge, witb a few interruptions by sand and shingle beach. The dip of 
these strata vary id direction and amount, disclosiitg many small anti- 
clines. Along a portion of this distance the dip is toward the shore 
at an angle of nearly 10 degrees. As the sLoi-e is along the strike of 
the strata, no great stratigraphic asicnt is made. The Stropheodonta 
nacrea beds are represented by fragnicntH all along the beach, and the 
beds are occasionally in place. Linipsti>nes with Acen'ularia and occa- 
sionally Stromatopora and Favosites, a« well aa other corals, crop out 
continually and appear to be closely related to tlie Btroplieodotita nacrea 
beds. The total thickness of beds expospd appears to be not much over 10 
feet, though this estimate may be far short of tbe truth. 

The Str. nacrea beds of this locality are dark-gray, argillaceous, thin- 
bedded, shaly limestones, crowded witli the S. nacrea, which is of large 
size. Spirifer mucronatus occurs willi lliese, but other fossils are rare. 
The similarity of these beds to those i>f Loc. 40 ia very striking, both in 
lithic and fauna! characteristics. In Imth localities shaly strata, crowded 
with Stropheodonta nacrea and containing Spirifer mucronatus, are asso- 
ciated with limestones carrying Acorviilaria and Stromatopora. There 
are probably several alternations of jsuvh beds, aggregating a thickness of 
perhaps some 10 or 20 feet, or perhaps more. IJut I do not think that there 
is more than one horizon in this groun where these strata occur.- If the 
correlation of these strata with the bi-da of Loc. 40 is correct, it ia prob- 
able that the lower bed (A) in the qu;niy on the beach is the equivalent 
of bed A of Loc. 42. The occurrence of Stromatopora in situ suggests 
this eqaivalency. 

It must, however, be borne in mind lliat correlation of beds in isolated 
outcrops, and with only a few paleouti) logical characters to relie on, is 
a very unsatisfactory matter, and the correlations here made should be 
considered as tentative and subject tn revision. 

Loc. 45. This is about half a mile ciiBt of the nest locality, and is a 
cliff 10 or 12 feet high, with tbe base t;ihis covered. The up^ier portion is 
a shattered drab limestone witb miineroiis heads of Acervulai-ia and 
Stromatopora, some of which are very liiige. The rock closely resembles 
bed B of Loc. 42. Below it is a similar though more compact rock. It 
contains black carbonaceous seams, which appear more particularly near 
the top of the bed. The cliff is nearly continuous with that of: 

Loc. 4S. This is at the Bay Shore Lime Company's first quan-y. It is in 
Emmet county, foar miles west of Petoskey or two and one-half miles 
east of Bay Shore. The locality is tb;il described by Winchell under 862 
(p. 45) , and located in the B. W. % of Sw. 4, T. 34 N., R, 6. W. Rominger 
also described this section (p. 57). The following is the succession, from 
the top downwards; 
• 46K. Blue clay covered by drift, fossils not observed, 

46J. Limestone, compact, dark and .somewhat argillaceous, with Stro- 
matopora and Acervularia, the former chiefly in tbe upjter portion. All 
lie with their longer diameter parallel lo the stratification, and are usually 
broken and worn. They are frequently overturned, and in general are 
much like the rock of Rose's quarry at IVtoekey {Tjoc. 39) : 16'. 

This rock is burned for chemical works, the burning being from 9 to 12 
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hours, and on the average 750 barrets are burned per week. The rock 
effervesces freely in dilute HCI. The dip of the bed is 5 degrees east. 

46H. Blue clay with Avcrvularta davidsoni, Farositcs alpencnsis, Stro- 
phcodonta crralica, and many other species of the same fjpe found in 
42D, to which bed it is undoubtedly etiuivalent : 1^/1'. 

40G. Compact limestone like 4iil, with Favosites, Zaphreutis, etc., well 
stratified: 11/2'. 

4GP. Black curlK)naceous shale with Favosites, etc.: 2 in. 

46E. Compact gray limestone with Zaphreutis, Favosites, and com- 
plete heads of Stromatopora: 1'. 

46D. Black carbonaceous shale, fissile, with Stiopheodonta errattca: 
5 in. 

46C. Stromatopora bed witli large heads from two to three feet in 
diameter, mostly perfect and commonly covered on their upper surfaces 
by a carbonaceous film. Small Favosites and a few other corals also 
occur. This is the equivalent of bed B of Rose's quarry (Loc. 42). In 
some parts it is a regularly stratified limestone with scarcely any Stro- 
matopora : 8'. 

B. Black carbonaceous shale; no fossils seen: I to 2 in. 

A. Compact limestone, with broken and worn fragments of Stromato- 
pora lying in all positions; in beds from one to two feet thick, separated 
by carbonaceous black shale 2 to 5 inches thick; exposed 4-5'. 

Loc. 47. Bay Shore Lime Company's second quarry, near Bay Shore. 
This locality is in the Buff Magnesiau beds of Wiuchell, which he sup- 
posed to be next to the highest in the series. In this he was correct, but 
jie erroneously placed these, and the underlying Acervularia and Bryozoa 
beds above the limestones of Petoskey (the Stromatopora beds). There 
can be little doubt from the present more satisfactory exposures, and the 
well records, that the ''Stromatopora" and "Buff Magnesian" beds are 
equivalent. This equivalency was held by Bominger. 

The cliff in the quarry consists of about 12 feet of porous, dolomitic, 
brown limestone^ which effervesces feebly with strong HCI and gives off a 
strong petroleum odor. Under the uiicrosco|)e it shows a finely crystalline 
structure, the crystals being stained by iron oiide. Apparently over- 
lying this rock, but only exposed at one locality, is a coarsely crystalline 
limestone, loose textured and consisting largely of fragments of crinoid 
stems. The cliff continues, with slight interruptions, to Bay Shore. 

Loc. 48. This is the third quarry of the Bay Shore Lime Company, at 
Bay Shore, and forms the end of the Khagashewung Point section oJ 
Rominger. The following section is opened in the quarry, the thicknesa 
of the upper beds being estimated: 

Drift 6— 10 ft. 

4Sr. Brown earthy doloDilWK?) e-Btt. 

e. I)rebdul<imJt6(?lbreaklngwithgiiuue blucki 3K. 

rl. YeUowi»ccharolcUldnlomftel?> ift. 

e. flreydolomltletlniMtnnellkele) a It. 

b. ttrer banded »accharolil»l dolomitic Itmeatone 10 It. 

a. Brown earchy llmegnine. ellerve«clug Ireely In dilDlfl HCI 10 ft. 

as It. 

The porous earthy Iteds usually gii'e off a strong petroleum odor wben 
freshly broken. No fossils have been observed in any of the beds during 
the hurried examinations made. 

The dolomitic character of the upper beds of this series baa not been. 
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verified as yet by clieinieal tests. Some of ilieiii luny be limestone. Bomia- 
ger, however, gives an analysis of one of these beds (exact position not 
given) which proves that some of them iu-e at least good dolomites. The 
analysis gives: 

CaCO, 58° 

MgCO, .* 38 

A1,0. 1 

Insoluble residne chiefly SiO, 0.5 

98.00 

A number of exposiu^s occur betwwn Kliagasheivnug Point (Bay 
Shore) and Pine River Point, three miles west of Charlevoix pier. These 
have not been studied as yet, A descripiion of some of these is given by 
Rominger, from which it appears ttuittlie Stropheodonta nacrca beds 
crop out again. 

Loc. -i9. Pine River Point, three miles west of Charlevoix pier, is 
located in the N. W. 14 of Sec. 28, T. 35 N.. R. S W. 

The limestones first appear on the l)eiHh in low anticlines, and are of 
a compact texture and dark color. They contain few fossils in the lower 
part, but higher up Favoaites cf. alpenenKis, Acenularia davidaoni, Atrypa 
reticularia, Spirifer, etc., are found. Beyond this are low cliffs, not more 
than five feet high, and rising to a height of 10 feet above the lake. They 
consist mainly of ehaly limestones, with iin occasional hard, compact bed 
less than a foot in thickness. The shaly ticda are rich in fossils, especially 
Stropheodonta nacrea, while Spirifer iniicronatus and Atrypa reticularis 
are likewise abundant. Another comimm species on certain layers is 
Chonctes cmvietensis. This is closely I'clated to dionetea tnucromitua 
which is characteristic of the Marcellu.'; and lower Hamilton shales of 
Xew York. Other fossils observed in these beds are Provtus ap.. Para- 
cyclas Hrata, Tropidoleptua carinatus ( ? 1 . Actinoptcria dcciissata, Avicu- 
lopecten cf. insignia, and other pelecyi)oda. 

The highest exposed beds of Pine River Point contain Stropheodonta 
nacrea and Spirifer mucronatua in gi-eat abundance. Some layers are 
made up of the comminuted remains of crinoid stems. Atrjfpa reticularis 
is common, and other fossils observed aie PentamcrcUa duiia (?), Stro- 
pheodonta coatata, Spirifer sp., Gomphoioras, and Cyrtoceras ( ?). 

The extreme abundance of Strophcoilonta iiavrca and the constant 
association with it of Spirifer mucron'iliia suggests that we have here 
another outcrop of the S, nacrea beds of Loc. 40. As these beds are 
regarded as the lowest exposed in this ri'f^ion. probably not far overlying 
the blue shale (Bell Shale) of the well records, it is of interest to note 
the abundance of Chonetea emmetensi-' . which, like its eastern repre- 
sentative, V. mvcronatMS, appears to Iw an essentially lower Hamilton 
fossil. 

A short distance farther west, in an old quarry, about 15 feet of shaly 
limestones are exposed. The shaly layers have their surfaces covered 
with fronds of Stictopora incisurata, and with this occurs CJionetca emmet- 
eitsis in great abundance, some layers of the shale being covered with this 
shell. Stropheodonta nacrea and Spirifrr mucronatua are abundant and 
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characteristic of these beds. Massive layers, two feet or more in thick- 
ness occur near the top. They are made up of brachiopods (Atrypa reti- 
cularis, etc.), and of fragments of these, A few small heads of Favosites 
have been observed, and crinoid fragments are abundant. These are the 
beds called by Winchell, Bryozoa beds in the appendix to his Grand 
Traverse report. He recognizes the correspondence of these beds to those 
exposed west of Bear river (Loc. 40), and calls attention to the occurrence 
of Acervularia on the beach further north, indicating the outcrops of the 
Acervularia clays, which o\'erlie the Bryozoa beds. Rominger states (p. 
59) that "the blue fossiliferous shale beds (Acervularia beds of Winchell) 
just reach the surface of the lake bottom, half a mile west from the dock 
at Charlevoix." This exposure was not found, having probably been 
covered by beach material. 

Between the mouth of Pine river and Kliaga^ewung Point {Loc. 49) 
the Stropheodonia naciea beds (Bryozoa beds of Winchell) crop out 
again, for Rominger cites Spirifcr mucronatus, Chonetes emmetensis, and 
other characteristic fossils as coming from strata exposed on this part of 
the shore. In the Charlevoix well, about 100 feet of the Petoakey limestone 
are'showu, below which Acerviilorii datidaoni occurs in separate heads. 
The Stropheodonta vaci-ea beds are probably not over 50 feet below this, 
and these are the beds exposed on either side of Charlevoix, from two to 
three miles distant. It thus ap]>ears that Pine river lies in the axis of a 
gentle syncline, as Winchell suggested. Beyond the point the trend of the 
shore is southward, and the beds are seen to dip south at an angle of about 
5 degrees. The exposures contiuue along the beach for a time, after which 
a stretch of sandy shore succeeds. 

Loc. 30. Half a mile south of the previous locality (on the line between 
Sees. 29 and 32, T. 34 N., R. 9 W., Winchell Loc. 881), strata somewhat 
higher in the scale are exposed on the shore. The beds, which are some- 
what shaly limestones, contain curious elongate hollows, also observed 
in certain strata of the preceding locality. These are probably due to 
the weathering -out of pyrite concretions. The dip continues to the south- 
ward. A little further on some heavy-bedded, gray, fine-grained limestones 
appear behind the beach. These belong above the shaly limestones and 
are filled with large heads of Stromatopora, generally worn and broken, 
and containing besides, Favosites, Spirifer fimhriatiis and Meristella (?). 
This rock appears to be the limestone underlying the Acervularia clays, 
but may even represent part of the Petoskey limestone above it. Rominger 
mentions an outcrop on the shore three miles south of Pine River Point, 
without giving further details. Winchell also speaks of two outcrops 
beyond Pine River Point, the first (881) is at Loc, 50; as noted. The other 
(882), which is probably the one referred to by Rominger, is located by 
Winchell in the W. y^ of Sec. S (Sec, 6 on the map, which is probably 
correct). T. 33 X., R. 8 W. This locality I have not seen. 

Fiv« miles beyond Pine River Point is the last exposure of the Traverse 
beds of this region. 

Loc. 51. The exact location of this exposure is, according to Winchell 
(884) , in the N. E. 14 of Sec. 34, T. 33 "N., R. 9 W,, in Emmet county. It 
Is about a mile north of the pier at Norwood village, and consists of a cliff 
12 to 15 feet high, and extending for a few hundred yards. The lowest 
beds of the section are shown near the northern end, and the average dip 
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of the strata is 5 degrees to the south. The following BuccessioD has been 
determined : 

A. The lowest exposed stratum has its upper surface about 5 feet 
above the water level. It is an ai^Ilaceous, sfaaly limestone, thin-bedded, 
and weathering a dark color. Near the top it contains specimeng of 
Favosites, which were generally broken or worn before they became 
embedded in the rock. With them occur Atrypa reticuUiris. Thickucss, 
2 to 3'. 

B. Compact, fine-grained dark limestone in beds varying from 2 to 6 
or even 12 feet in thickness, and containing lenticular nodules of chert, 
the nodules sometimes nearly a foot thick: 3'. 

O. Blaty limestones and slates, very hssile, in beds up to a foot in 
thickness, and separated by beds of banded chert 1 to 2 inches thick. 
Thickness about 5'. 

D. From the point where the top of bed B dips below the >vater to the 
point where the top of bed D dips below the water, is about 300 feet. 
This, with a dip of 5 d^rees, gives a thickness of about 26 feet for beds 
C and D, or of 21 feet for bed D. The top of the stratum shows beds 
whose surface are ripple-marked (oscillation ripples) and marked by 
snn-cracks. These beds are argillaceous limestones, readily effervescing 
in dilute HCI. Estimated thickness, 21'. 

E. Shaly limestones similar to A, but more fossil iferous, containing 
Spirifer cf. eatoni, CyatUophyllum, Goniophora, and other fossils. Thick- 
ness, 5'. 

F. Gray drusy dolomite, finely crystalline, and effervescing only on 
powdering, with strong HCI : 5'. 

Q. Darker dolomite, compact but crystalline, and containing fossils 
which are weathered out in relief and cavities from which pyrite con- 
cretions have weathered out. The cavities are stained by iron hydrate, 
and besides these there are numerous drusy cavities similar to those 
in F. Near the middle of bed (j is a half-foot bed full of a small, 
undetermined cylindrical bryozoan. Stromatopora. Favosites, and a few 
other fossils also occur. Beds F and are practically inseparable. Thick- 
ness, 4.5'. Total thickness, 45.5—46.5'. 

These are the chert beds of Wincliell, and Rominger describes these 
on page 60 of his report. Winchell gives 26 feet of strata ; Bomiuger says 
about 25 feet. According to our measurements, which take account of 
the strong dip, the total thickness of these beds is fully 30 feet more. 

Rominger gives the following analysis for the drusy dolomite of this 
section : 

Per cent. 

CaCO, 56.00 

MgCO, 39.00 

ALO, and Fe,0. 2.8 

SiO, 0.4 



About half a mile south of the pier at Korwood the black" shales appear 
in low cliffs on the shore, gently dipping southward. 

"It !■ thiB oatcrop rererrpd to br Winchell In 1800. p. 72. and fren earlier In tbe flraC 
iVrvFT In 1841. H. D. No. £7, p. 108, bf C. C. DoagliBB. whlcb bsi led me, when Infonned br 
tbe U. S. SnrreT that tbe name St. Clair, wblcb I bad hitherto Used, had been preTlonal? oaed 
In another aense, to applj Che term Antrim to the ahalea ItIdk aboTe the TrarerK, up to the 
Berea QfIC, since the^ are well exposed here la Aatrlm county. — Lane. 
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THICKNESS OP THE TBAVERSE GBOUP OP l.ITTLB TRAVEBSK BAY. 

In the Bay View well about 470 feet of HmestoDes are shown above the 
blue clay. In the Petoskey well 325 feet are shown above the clay which 
is there found to be 80 feet thick. A 10 to 15 foot bed of blue clay was 
found at a depth of 250 feet below the surface of the limeetone, or 75 feet 
above the blue clay at the base of the series. It is probable that this clay 
is the Acervularia clay, the well striking it at a point where fosBils were 
scarce, since the record mentions no fossils. The thickness given is per- 
haps too great. Below this "a nearly solid bed of Acervularia limestone" 
was reconled. This appears to be the limestone exposed at the base of 
section 42, which often contains Acervularia. 

In the Charlevoix well, as before stated, about 100 feet of the Petoskey 
limestone are exposed, below which the Acervularia clays occur, as shown 
by the perfect calices in the fragments of A. davidsoni and Pavosites. 
Eighty feet below this, or about 110 feet below the first appearance of 
Acervularia in the well section, is the top of the blue shale. The record 
of the Charlevoix well is the most satisfactory, because the fragments 
from 5 to 10 feet intervals were carefully presetTed. I shall consider the 
bed at 335 feet depth in the well, in which the fragments of Acervularia 
with perfect calices were found, as the Acervularia clay exposed in some of 
the sections. This would then give us a total of 110 feet for the lower 
strata below the Acervularia clay. 

Putting together the records from the three wells, and from the 
exposures, we have the following succession and thickness of strata, which 
may be considered as a tentative summary i>f our knowledge of these 
beds: 

Fnt. 

Antrim black ahaJe 

CbertbedB *6-60 

Petotk«f llineilons(the8troiiwt<i[KiTaand the Buff Hagneilui of Wlnchell) seo 

AcervalarJa and 5Croi>A«iiIonta naorta bedi (Brroioa bediof Wincbell) 110 

Bwkl jhale (Bell sluUei) M 

It thus appears that the thickness of the Traverse group throughout the 
northern portion of the southern peninsula of Michigan remains very 
nearly uniform. In the western region, mostly limestones were deposited, 
the shale being limited to the 80 feet basal layer, and to a few thin bands 
occurring at intervals. In the eastern area shale bands were more 
prominent, occurring at intervals in considerable thickness. 

From our present limited knowledge of the faunae, correlation of the 
beds in opposite sides of the State is impossible. We may perhaps say 
that the Petoskey limestones and dolomites are, in general, the time 
equivalent of the Alpena limestone and the limestones of Thunder Bay 
Island. But beyond this little can be attempted in the way af correla- 
tion. The basal shale layer (Bell Shale) is of course an exception to this, 
for from its constant thickness it gives us a very clear and sharply- 
defined base for the Traverse group wherever it occurs in this portion of 
the lower peninsula.*' 
*9It la atao recopilaftble to the south.— L. 
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DEEP WELLS AND PROSPECTS FOR OIL ASB OAS. 

Every time of prosperity briugs extra activity in exploratioQS of all 
kiudB. Tlieae in Michigan take largely tlie shape of drilling, — mainly with 
the diamond drill in the upper peninsula; with the churn drill in the 
loTver. 

Drilling for coal has not generally been over 400 feet deep; for Bait it 
bas varied from 800 to 2000 feet, while for oil it is liable to be any depth 
and not infrequently over 2000 feet. A perceptible fraction of my time has 
been occupied in studying samples and answering correspondence before, 
after and during the drilling of these well?). I have taken special pains in 
the collection of data regarding these wells, because if they are not col- 
lected at the time they are likely to be forever lost, and at my own expense 
have subscribed to the Michigan Press Clipping Bureau that none might 
be completed without my hearing about it. It has done good service, and 
I think should be continued from the appropriation. 

In the fifth volume of our reiiorts, Vol, V, Part II, p. 85, I called atten- 
tion to tbc prospects for oil aud gas, and the beds and areas most likely 
to contain them, according to the information available to me at that 
time. In that report, and the sections at the end certain anticliuals were 
somewhat vaguely indicated. The recently issued coal report gives one 
section which if correct would indicate an anticlinal beneath Saginaw 
and between Lansing aud Owosso, and to these I have called attention 
in the public press. Dr. C. H. Gordon's report was received so late that 
it had to be relegated to the end of the i-eport, and only this reference 
to it inserted here. It is an important paper, for besides the anticlinal 
somewhere north of Mount Clemens, which I refer to below, he bas 
located an anticlinal close to Port Huron, As Prof. Russell has remarked 
to me such an extensive basin as that of Lower Michigan cau hardly 
exist without minor corrugations eB{>ecially around the margin, which 
ought to collect oil in valuable quantities. We may, for instance, from 
Grabau's paper just above, infer tlie probable existence of such a minor 
anticlinal near Khagasbewung Point (Plate VIII), and from the records 
below one east of Niles and one near Stronach are rendered somewhat 
likely. 

One thing is worth noting, — that wells which yield only a barrel a day 
or less, and are liable to be scorned by those whose eyes are filled with 
visions of gushers, may nevertheless be of value, if conveniently located 
and enough of them can readily be obtained. 

In describing them it will be most convenient to use a partly local, 
partly topical arrangement, because in certain districts all the wells have 
one object. In others wells for different objects throw mutual light. Coal 
records have been very largely summarized already in my recent report. 

In discussing the l>oriugs and prospects for gas and oil it has been con- 
venient to consider a southwestern and a southeastern district, which 
really extends to Port Huron, though it may be convenient on some 
accounts to divide it into two parts. I have also considered separately 
the possibilities around Saginaw. The prospects for Alcona county are 
included in the report. Some recent explorations serve aa an excuse for 
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deBcribing some iuterestiug wells ia the upper peniDBula. Finally I have 
made a few remarks about the uorthwest part of the lower peuinsula at 
Muskegon and Manistee. 

In Btudying explorations for oil and gas, one thing is apparent to the 
geologist — ^that the Neo-devoniaii black shales are responsible for most 
of the surface indications which start oil fevers and set people boring. 
It is also true that such indications have proved delusive. In fact, so far 
as HUffaoe iudicatious in springs' are concerned, the; indicate a leakr 
i-eservoir^ if they indicate anything at all, and that is not a good sign for 
great accumulations betow. 

The same black shale is often mistaken for coal.* 

It is true that deep welis into the drift, especially just above bed rock, 
will find quite frequently gas. and this may often pay for the well, for use 
in a house. But do gi-eat quantity can be expected, uor very long life. 

Oily-smelliug rock* at the surface, or gas or oil, have little value prac- 
tically in this State in searching for oil. Almost all over the lower 
peninsula such strata van be found at some depth or other, and on the 
belt wiiere the Devonian rocks lie l>eneath the drift, surface signs of oil 
may l)e cxi)ected. 



SOUTHWKiSTIiRX DISTRICT. 

It is not to be denied, however, that oil and gas-bearing strata exist 
beneath the southwestern point of the State, — both the Lower Devonian 
limeBtoues, which yield the oil and gas around Petrolea, Cauada, and the 
Trenton limestone, which is the famous oil rock of Ohio and Indiana. 
But the numerous wells drilled, and reported in Vol, V, at South Bend, 
Elkhart, Michigan City, Niles, l>owagiae, Constantine, Benton Harbor, 
Allegan and Kalamazoo, tiiive not been succesaful in finding commercial 
quantities of gas. lu spite of their failure, however, prospecting has not 
been entirety checked.' 

It remains, therefoi-e, to give a few facts regarding the new wells and 
new facts regarding those already i-eported on, and see what light they 
throw on the prospects for the future, the important thing being to see 
whether there is an upward flexure of the beds which might tend to collect 
the oil or gas. 

'Kalamaioo Telegrapb. 3:9. 1901. hIso 10:3. 11)01. — SeT«nL wella la Lake townstilp. Ber- 
rien count;, strike gas In small Quantltlea. and at Brldgeman a sprlni with a coatlni of oil 
was found tij a plaacbette. 

Nlles Star. 6:14. 1900.— Tias at New Buffalo at 60 feet. 

Grand Rapids Herald, 1 :'2i. Itmi.—rutrDlruiii tpId at cottage of Urs. H. 8. Cole, Bentoo 

See alHO Vol. V. Part tl. 

M meaa natural reservoir, tliougli (XlleB Sim, 12:11, 1900: Detroit Tribune. 12:13, 1»00 : 
Battle Treek T^nqulrer. 12 :23. 1900 ; IVtrolt Newa-Trlbune, 12 :2, 1900 ; Delnilt Journal. 12 :S3, 
1900) at Bucbanaa oil leaking from Lee A I'orter's tanks was taken to be natural. 

■Three Blvers Tribune. 9:12. lOOl.^Sli-foot Teln of coal at 150 feet near Bmton ETarbor. 

Detroit Tribune. .a. 1901.— Ooal at sno feet. Compare record of wen below. 

•Benton Hartwr I'alladium. 1:23. 1901. 

•IX-trolt Journal. 12:26. 1901.— Near Nllea by B. F. Eari. 

Detroit TodHf. 10:8, 1901.— Near liendon bf Darling Bros. 

Allegan Chronicle, 4:77. 1901.— Valley Oil, Gas k Coal Co., near Allegan. 

Cirand Baplds Herald. 3 :lf). 1901 : Allegan Gazette. S :9, 1901.— R. W. Brown, at Alleian, 

B*nton Harbor Newa, « :0. 1901. and 6 ::;6, IBOl ; Detroit Tribune, 8 :8, 1901.— Berrien 

Nlles Dally Star, 0:7, IBOl. 



ANNUAL REPORT FOR 1901. 



Ad important recent well is one at Berrien Springs, no authentic record 
of wbich ne owe to Hon. Koscoe 1>. Dix.' 



Btascbiy 

Soapatonc 1 

Bl*ck (Iwlg with prrlte, blnimln- 

LlOKrork with ludioUoni ot *ktt 
wairr M bottom 



>mp*T* Bi 
Nllwmt« 



etopped at 070 Icet,JuDe Id. Comnare 
Dowmgiac M 874 f oct, 

olt Tribune 6 :e. IIHII ; Tbr«« Oaks Arorn, 
I «:20. 1901. 

The striking featni-e of Ihe Berrien Kprin^H record is tlie depth at which 
the base of the blacli shate was found, (jreater tlian nt Benton HarI)or on 
one side or Niles on the other. Tliis iudiciitea a downward flexure of tlie 
strata. 




intlcllnal pitch log doi 



The dip into the trough is qIho indicated hy couiparing with otJier wells 
as shown in the accompanying map. Fig. 4. While the strata all grow 
deeper to the northeast, there is a subordinate puckering or fluting, with 
a downturn between Niles' and Benton Harlxtr, and an npward turn 



rods from nor 



down In I 
tat to gain K 



anil JuBl below tb« brldgi!. wia SOO lo TO 
j'leldlng a large Dow nt wate 



tfft dtfp. and ;ie]illDg some gas. 

No. 2. On Second BtrFft 20 rods Ibis miar oi me 
One ot Ibe driller* told Mr. Cook that Id driving tor 
hired bj Ihe Standard Oil Co. lo driTe paat anrttilng m lue aun. urmra 

No. 3. Abonl same lime (I'late XI.IV of Vnl. VI, ntar C, l\. r. k St. 
A. T. 

No. *. Sonlh ot town one or two mllSB and on terrace 4(1 feet abore i 
above tblR. There waa TO feet lO-lncb raBlng Ihroiigh clijr. over TO t 
water. 185 feet caBlng |or 280 hjs Ualton) to bed rwk : then abonl S 
' 1 and bltiimlnoua. with petro 



■IngB at T 
580 feet 



within 30 tee 

. e.. about ISO below tide.; 

wllb S-lncb cadng. whlcl 



. l.T feet abo»e rWer. (Cc 
■eader progresa wbb but 3 tt 
later recaaed to SBO feet t 
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between Niles and Etkbart. Consequently the more hopeful dietrict to 
explore is east and soutbeast of Niles, sa; near Edwardsborg on the 
Grand Trunk, or Mendon, where oil boring is said to be progresaiDg.' 

There was a deep well drilled at Bangor, the record of which I haye not 
been able to obtain," which might be of interest as showing whether there 
was a marked upward bend on the other side of the Berrien Springe trough 
or not. The elevation of the base of the black shale at Allegan (J^7 A. T.) 
and Kalamazoo (over 423 A. T.) shows that as a whole the dip is to the 
iiortlienst, but not at all inconsistent with such minor flexure. 



SOUTHEASTERN DISTRICT. 

Lying, as this district does, close to the Toledo fields and two large 
business centers, this district has received a disproportionate amount of 
attention. Prof, Shersier has recently" described quite fully the wells of 
Monroe county, but the dips seem to be uniform from 29 to 32 feet to the 
mile to the northwest, and no pitching folds have been located. To the 
records previously reported in Vols. V and VIII we ma; add old wells at 
Blissfield and Ypsilanti, whose records have been recently obtained, and 
wells recently drilled at Ann Arbor, Milan, Britton and Riga. 

tPSILANTI. 

A number of wells have been put down here for sulphuretted brines, 
derived by a combination of tlie waters from the Berea grit and the 
Traverse and Dundee limestones. The original well was the Cornwall 
mineral well on the river flats, about 680 A. T., the record being: 

out ult water, but got fresh water below, whtcb roM as blKb ■■ bttort. At 1000 feet thej 
were told tbe; bnd Trenton rock. tCompare rock at 1500 feet at BrIttoD.) A little gas 
came In all the time, foaming up tbe water. At 1438 feet the well wai abandoned. Dalton 
aajB bin well was 1600 Feet deep, and tbough blgher than tbe down town wella seema to 
Btrike correapoDding alnla aa aoon. R. II. Crane of Colon la aald to hare a record. 

No. a waa bnt ZOO feet or ao from No. 4. across the river, and but 2 or 8 feet above tbe 
river level, 1, e.. about 630 A. T. 

Feet. 

ClBj. 10-Inch caslDR 70. 

Water. Hand and gravel 14S.0 

Klgbl-lneh caaing to bltuminoua shale as In No. 4. 

CaslnK 6-Inch, ahuttlng off water 603.3 

Sand pocket, 6 Inches salt water 904.0 

IG feet from top. magneslan limestone 3.0 

Oraj llmeslone 6.4 

Oray limestone 4.6 

Then put down a packer and got some gas under salt water. 

November 14, 1899. 

What nil and gas sppesra In the wella Is all trom tbe Dundee or Canada borlson apparentlr. 
eicepl (bat In NoH. S and 4 a Utile accumulation was noticed near tbe lop o( tbe Niagara. 
Tbe Trenton was not readied. 

■ Detroit Today, 10 :S. 1001. Darling Bros, heavy rock at 200 feet may also be on an apw*nl 

• Kicepi that II Is 1200 to 1300 feet deep. Is cased down 300 feet, and according to U. B. 
Ilaguire and C. B. Obarlea. flows a strong brine. 
10 Vol. VIII. Part I. Monroe County. 
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PteUtoetne — 

Birth 8 

Claj * 12 

OmtcI 18 30 

Blue cUj * a* 

QraTel « 40 

Flrecla; 3 43 

HsrdpiD eravel ^ 48 

8.nd 82 BO 

Coarse gravel 9 89 

Fine qulckHBa 20 100 

CoIdwotCT- — 

8l»te 241 350 

Flint 6 S8S 

Sandatoae 38 898 

Boft ilale or aandatonQ 187 680 

Bedrock (1. e., bard llmeBtoDe) ( ?) 200 760 

This is A verj poor record. Of the Moorman well we have only the 
record of the casing. It is higher than the other (about 703 A. T.>. At 
125 to 150 feet there was fresh water. Down to 185 feet was the first 
casing to bed rock. At about 400 feet was the first flow, which waa salter 
than the lower flow," and was at one time cut off by a casing down to 660 
feet. 

At about 550 feet gas came in (H,S), and the well continued down to 
about 965 feet. 

The Atlantis «-ell of T. C. Owen is about 80 feet higher, and the fresh 
water comes at 200 feet and the salt at 404 feet, directly under a very 
hard streak. ' 

ANN ABBOB. 

The old deep well at the court house, which is about 835 A. T., has 
already been reported by Winchell and Bominger. The following may be 
a provisional account of the new one,^* which is about 875 feet A. T. 













CoWKOter Shalet^ 




FlDRBd jDna 28 at m ft. and water alnva analriMl 4.3 per ca 


B«rta BhaU— 




BtrtaOHl— 




Lighter abale wltb itreaki 


fund 





Oct. 18. 

Oct. ir. 

to 3TB, Oct. II 



IS 41Et <Na waMr t 



toMB, Oct. »; t 
»: to 670, Oct, 
Oct. 31. 



" Bee n. S. G. 8. Water Suppir E^per No. 31. 

" Personal Klance at aamplea. Becord In Ann Arbor DallT Atgu*. Dee. 2. 1809 ; Jan. B, 
Jan. 10. Feb. 16, Feb. 23 : Ana Arbor Times. Feb. 15. June 28. Juir 1. Inir 6. Letters from 
Rberbard and notes From Prof. H. D. Campbell. Prof. Bussell looked after tbe samples, and 
~ ~ie Argus, at mr request, took particular palna with the reporting. 
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Antrim 8hale» (XeodevonUiH) — 

Black bItumlaoDi (bale 20 SM 

Black aand with vblM ciT>t>l 3t 600 

Black bltamlaoua (hale 20 «2E No*. 3. 

Black abate batder 48 ers 

Black ilate 21 700 OM, Nov. (. 

TrA-erae Oroup (MetO dteonlan) — 

LIghtlkM BB 7M 

LliDaito&e{cbartt). IB T70 

Llmflilong, very bard giitt; and fltnt like {cberty}. X we 

Black abale t6 uo 

Sample at NO appean tike a dolomite) 

LimeBtone, aome n* InAlcatloDS 33 WIS Kov. IS. 

(Bamplea appear like tbe (bale from n2S to 889, probably a blue argillaooom llmeetoDe aaeb aa la 
cbaracterlatic ol tliit ktodp.j 

Light abale «7 930 

(Sacuple at 020 has Dote "etrnch hard.") 

Dunate (CorntfgToai) tAnutttme. 

Llmeatooe (at 980 feet itmok a mineral water charged with HiS which rote 300 feet and contained 13 
per cent hUI*, acoardtng to Bberbard.''! * 

NoTember 18 operations were suspended for ■ maalh at the end of the flrat 1000 feet, 
In an oil; dolomite or limestone. Between Deeemtier lb and Decemtier 28 work was resumed 
and remained the rest of the way In tlmeslones or dolomiiea down lo 12*Q feet. 
Jfonroe Beilt — 

There was a granular bun dolomite apparently at 1040 feet. On Januar; 5 at 10S5 feet 
a red rock with much Iron was struck. From January 111 to January 19 the bole was reamed 
ont and tbe 6M-lncb casing carried down from lOOO feet to 1150 feet, ihuttlng out tbe 
water. At 1335 feet the rock ippeara like a very Qae-gralTied dolomite. 
Total IlmeHtones and dolomites 310 1240 

aplfaiiia sandstone — 

Samples below 1240 are a Hne I 'ri mm. I quartz sand as far aa they are taken, 1270 feet. 
AccordlDK to tbe newspapers at I'iTS feet on Fet>ruary 10 another mineral water atrong of 
B^ with IT per cent sails (Kberhsrdl was struck la llmerock, In wblcb a pnigreaa of bnt 
T or B teet per boar was made. The driller evidently did not report or recognlie tbe sand- 
stone, which may continue. By Wright It was taken as Orlskany. 

At 1300 feel tbe rock is said to have been a little softer. The well was shut down 
Fel>ruBrT 26 at 1326 feet. It was then plugged be :jS;i feel and leated. Then a cement pins 
of 25 feet was put on top, but the analysis remained practically the same, to wit: 

Speclflo gravity l.OStorl.QllW 

8lOt 0230 or .082 oi .027 

(Fb AJijOi 030E 

CaO 1.04«or .880 

MgO as 

Wn. 0M6 

CI 3.S0 

ToMB(Ki6ln8irt). 35 

OOi 

No K, Br, or I „ 

It will be seen by comparing the welU with those at Ypsilanti that the 
dip continuee fairly etendy to the northwest. This w^ill also appear from 
the Milan well. 

That the dip nontinnes appears also by comparing the Sylvanla sand- 
stone with its position in wells near the Detroit river, for instance those 
given below. 

"Campbell taja the water snalyied was at 930 teet. 

Bpeclilo gnvlQr l.wi 

CWa. 2.3B7B 

Case* i.esn 

H(^i i.2nt 

KCl trace 

NaCI 7.M8S 

Br ? 

Total 12.S70S 

Directly determined ix.w 

Saturated with H^. 
This Is B characteristic water of the Dundee or ComiferouH limestone. 
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J. B. Ford (Michigan Alkali CompaDy), Wyandotte. Tlie "limestone" 
is generally dolomite, sometimes anhydrite. 

Soil (mrUce). u> C3 W 

Llmntone MS ltd 

BjlvanU HUidKODa 312 3TS 43t to MO "MUMtoDe" 

Umoitoile UO 7*3 

Salt 81« HDD 

LImeaione »6s 

Skit. , vn 

LlmHloiie 9M 

Salt. Has 

UmMtone US» 

e»it. 1M3 

Llni«itoa« I2S3 

Salt. 1»» 

Stroh'B brewery in Detroit, on Gratiot ayenue, is geologically higher 
and the well ia said to have gone through: 

Bine da; IIO IID 

Hardpu. 30 1« 

Boalden U IM 

TrBTertc group IM SOD 

Dundee llmeaton* vlth (Ulphniwatei In Uonme bed* to. fliB 

Srlvaola aandatone gS 100 

llie line rock hard at T3D, nnd j at 100, and bard pan MO tn IISO. 

Bait G5 IMB 

Limeitime 201 140S 



The Wyandotte well, reported in Vol. V, reached the Trenton at 2610 
feet. To the south the Sylvania sandstone rises, outcropping, as we have 
said, in Monroe county, and at Trenton we have for one of the six Church 
wells : 



fiundte — 

Light broWD llmeitone 

Sorter light browD llmeitoiic . . , 



8titvaitia — 

While >anditone. .. 
Band of dolomite.. , 
CalcareoDiia ' 



Sbale; In ttreAka.. . 



■Iferonidaloinlte. p 



gny gyjtnm gbalea. . . 



|rn?Jb', 

03iianin bed'tUe crpnim la realii anhydiite ... 

Dolomite 

OTHum 

Dolomite, llgbt yellow 

Dolomite binlata and buff.. . 
Dolomite, light buff with so 



e, (grpalleroDi 1000-IIW) 

More iBivelT cream oolored dolomite (aalt Id m 

tjirgaly GlDlah gnnireroai ahalei 

Blnbta pawing fnto brownish dolomltei 

Brown dolomrte with a unell at gaa 



To the north wells are very numerous. We cannot here give all the 
Bolvay wells. They must he left for a special report. The Sylvania sand- 
stone "occurs in No" fi from 410 to 490 feet, and in No. 10 from 420 to 523 
feet, while the first salt begins in the one case at 873 feet, in the other at 
891 feet. 
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Uetween them and the Wyandotte WBlle near the Hirer Bouge, Mr. 
DaJton put down welle for the Tecnmaeh Salt Company in which, under 
dolomite, with heavy flows of sulphuretted water, the Sylvania sand8t(Mie 
was foond from 36S to 492 feet, and the salt also came a little higher — at 
828. This is higher than it is north or even than across the rirer, as shown 
in the Windsor well given below, but the pitch to the west is strong. The 
Detroit Salt Company got salt from, 906 feet on. At the Brownlee well 
the salt comes in at 875 feet. 

A little farther down river toward Wyandotte the River Bonge 
Improvement Co. put down a well for the United Alkali Co., the record 
of which is wi follows, with notes from samples, which the sarv^ owes to 
the kindness of Mr. H. M. Campbell: 

ci»y 80 w 

Onr Km* (dolomite) 2Ta 3M 

W1ilteMnd(al«iirouDdedKlMiMiid, BrlTUilft 100 WO 

Duk nnd (vttli cbart and Solunlte} DO MM' 

Ume (bine doloiDlM) 31B 810 

a>lt. fit OW 

Ume (b°S dolomite) .j K NT 

Ume Idolomiu with ulctiW oairtiJee). . . i . - . " SS MS 

Ume (bus dolomite) SB 

LtmefbluekDd buff dolomite). w 

GnrUtne 20 

8.11 ,. » 

flftlt]r*li>leBDdllme(ui)irdrlteT, blQlita,diil(Hnltle) in 

Sftlt 110 

B«lt ihale 18 

Bait. T8 

Ume (dolomite) 35 

Band (BiannUrdotomltV) ton two total 827 30 

WINDSOR. • 

Canadian Pacific Railroad. Well No. 11. 



DoloffilM, turd, white- , . 



Teetcmar drab . . . 






Dolomite, fawn. 

" wllh Onwui 

" ibalj. drab, 



(SrlTanla) . . 
grey... 



drab ^rey wUli ifpanm . ■ . 






P. aniniMll. 
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A well was put down here some two years ago, but owing to a dispute 
and legal proceedings the only record I can give is that from 1165 to 1275 
feet the samples appear to be in the white dolomites of the Niagara, 
such as occur from 1570 feet down to the bottom of the Britton hole, and 
this is the depth at which they wonld be expected. 

BLISSFIELD. 

On Bee. 30, T. 7 S., B. 5 E., is a well costing |5,000 and 2402 feet deep, 
down to tlie Trenton. Only a meager record from memory could be 
obtained, which we owe to Horace Wood. It agrees fairly well with b. 
36-foot to the mile dip from Toledo to Adrian, i. e., there ie no sign of a 
fold. 

Diin iOD 100 

Qravsl; mtar roM and Ulw] BratB Inob oulng 10 130 

nntllmMton«at»Dt(tu(T)dukateM*iuI black «*Mr) 300 *X 

WkMr In llmarock at IWO 

Btmck TreatoD at 2M2 

Trenton rook 60 2402 

MILAN. 

A few rods south of the line between Washtenaw and Monroe coun- 
ties, a well haa recently been drilled. A record and samples were kept by 
A. E. Putnam, and I made two flying visits durii^ the progress of the well. 
The record may be summarized thus. The well is about 685 feet A. T. : 

PMitoeene — 

BDilaca (diirt, cl*)', qntcksand about 00 feat, and clajr) 130 110 

ClurtT llmutono 30 ISO 

BlaaOialv 4B MB 

Bid* alial7 llmaatona 60 ITO 

Llmeatona (flMDref }. K 3K 

Tha top of tb« Dundee cannot be clearl; made out owing Co tbe caving. It la autelj some- 
wbera between 16C and 298 feet, more probably at or near tbe latter flgure. 

Umeitot]eqnlte(liie,Ht3wat«rl,brecclate<land caving) VT 306 

Dolomli* aolcalar, oaring to 4as feet 30 43S 

" aaDdf 10 430 

wIttagTPWun , K VB 

Oypaom, malnlj' eo ft3S 

une^ pebblr at g» Wn isa 

Tarioua veins of water, otlcareoui abate T 030 

Dark ollr dolomite, more aalphnretledintBT IB B4fi 

Chert)' dolonilte OS OM 

BBITTON. 

Here a well wa^ recently put down at the remarkably low price of a 
dollar a foot for 1700 feet. Comparing with Milan, we And corresponding 
samples from 100 to 150 feet deeper. The top of the well is only about 20 
feet higher, and tbe record is : 
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Netdmonlan (AiUrln)— 

BUckthklU 

FTrltlf erona erey ibkle . 
ElKk Ihtlt 

Trtvtnt Oroap — 

ClMTt]' dolomlta 

Omn (tula 

Chsrt; dolomite 

Blue oalouenus shkle . . 



truidtnce* of oU and gu... 




CulDg to 1012 or lOlE I«et. 
Dolomite, d&rk blue at 1180 leet . 
Rope black, aad R£ 



lere there U ■ alow Terj nit (eepage. Hiere I* nid i 



1 be 30 feat ol 
M ISSO 



KitBtira— 

Uybtvlilte Higar; dolomite t]i>ic>l Gnelpb". . 
Hineial mter'*at 



MgS04-.- 

IlUOlDbll 

N«C1 



t 1617 fe«t tbe tbermometer atood at S3 degrees F. ; at d4S, 5D degree* F. 
he water (rom tbe last bsLllns was at 52 H degreei F. 
be water at the bottom la probablf not aa aalt sh at>OT< 



feet, and there la a 



" Siteclflc gravity, 1.05EI : 



b mlDute partiflea of mlcrocllne. bornblende, 
« by evaporation. Partial analyaea by F. 8. 



ANNUAL REPORT FOR 1601. 



PORT HURON DISTRICT. 

It appears from the welle just quoted, and those already given in Vol. V 
of Adrian, Pontiac, Royal Oak, Mt. Clemens, etc., that through most of 
Monroe, Lenawee, Wayne and Washtenaw counties the beds dip quite 
Bteadily, at a rate of 30 feet to the mile or more, somewhat west of north- 
vest. When we go on from Mt. Clemens we find that the strike suddenly 
veers from north of northeast to due east, as ia clearly shown by comparing 
the well at New Baltimore with those at Mt. Clemens and Marine City. 

The region north of Mt. Clemens is therefore much more favorable for 
oil explorations. (See Plate IX.) 

This is the only district in the State where there is a conunercial pro- 
duction of oil, a refinery being conducted at Fort Huron by Mr. George 
B. Stock. It seemed, therefore, wise to me to engage Prof. G. H. Gordon, 
who prepared our report on Sanilac county, to make a special study of 
the wells around Port Hnron for oil and gas. These do not go to a depth 
of over 800 feet. He finds some indications of an anticlinal near Port 
Huron, but his report has not been received in time for insertion here; 
it will be found at the very end of the annual report. Besides these 
wells, a great' many of which have already been published in Vol. V, 
there are a large number along the St. Clair river, Lake St. CMr and 
Detroit, which have been put down deeper for salt. The new well at New 
Baltimore, with a fine set of samples, is an important connecting link. 
We have also a very good set from the Diamond Crystal Salt Company at 
8t. Clair. 

NEW BAlyriMOKIi. 

The record of the New Baltimore well, put down by J. J, Mason & 
Co. for C. M. Swift, is as follows : 

XBW BALTIUOBB. 

Kime. Thick. Deptb. CompariMiu. 

PleUtoomt — 

UD 110 

BlDcDule t 1» 

BUckilule no 460 at. CUlT, MO; lUrine Cltj. Ut: 

FontUc,MB; Mt. GlBmani, IIB. 

'ravem — 

LlmMtona and omloftraou iIuIm 90 «30 

LtmeitOTie U SBO St. Clair, 030; PontUto, 106G. 

BlDBihAlc lOD OM St. Clilr, TM; AlKauc.SUi Hulna 

Cttr.TWtooaSi PoDtbc,12»; Hi. 
, Clemetu, 400, 

Umeitonfl hlib nmde ISO gaO St. Clafr, 910; Muliw CltT, SI6 tt 

770; Mt.C 
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DolomlMKlncladlUK.. 290 1110 Marine City, 1080. 

Gjp>mnbecl{«nB)'drtt«) 10 Mo St. Clair, S90. 

Oypmmbad 10 i9G 

BroWQ dolomite » MO 

Llmeitones VS ISm SI. Clair, 1380; Mario* City, 1130. 

Brown dolomite and gypaum us 1360 

Itlae dolomite, shale and zyptDm 3S 1393 St. Clair, 1«0; Marine City, 13M. 

Bo«dolomlte SO 144S 

Bine aad brown dolomll«» and gypsnin IM 1600 St. Clair, 1600; Marine City. 1604. 

Ball 40 1640 

The Diamond Crystal Salt Conipiiny at St. Clair have reocotly furnished 
a careful set of samples, from which u record may be made ns follows: 

RAINT CLAIR. 
Name. Thlch. Deptb. Cdmpariione. 

Plcmloctne— 

Surface in 172 

Xeodevonlan — 

Bloe sbale (Brie) 110 310 

Black BbaleiHnroDJ £20 XM MHri-vUle, XL,29e: Marine City, 

XWIV, 3«0; Oakland. LXII MO; 
New Balllmore, 400-460. 

Traverse — 

Blue arglllaceoui llme>Ione> and dolomites, etc.. 100 £30 

Blueabale l«o 790 Marysvllle, XL, MS; Marine City, 

xixiv, «30; Oakland, LXU, «»! 
Micb. Salt No 2. B7C; New Baitt 

Umeetone 120 010 New Baltimore. B20. 

Monroe — 

Dolomltei M 9M Marino City, XXXIV, MO ft 

Gypsnniand doloinlte 40 1D30 MjUT«TlUe,xL,M5: NewBaltlmare, 

m-KO; Oakland lOOO-UBO and 
other mlnenl welU water here, i 

Dolomite probably nndy about l:i70 

UffHtthrouehSylvanlaeandatone 240 13T0 New Baltimore, 1370. 

Dolomite no jvw 

Anhydrite largely SO 1400 

Dolomite 40 1M0 

Dolomite 70 lOlO New Baltimore. 1600 : Marine City, 

1G7T-1633;No.3, 1668; LXI, I«30. , 

Bait and cavity 30 1640 

Lime, I. e 10 ICOO 

Dolomite and anhydrite 87 1747 

Salt. K 17»T 

LimeC?) 10 1N7 

It seems clear that correspoDdiog beds are 100 feet or so deeper than at 
New Baltimore, nearly 200 feet deeper than at Marine City," and, what is 
especially remarkable, deeper than at Marysville or Port Huron. 

"The following Lb a record of a recent well furulBhed by B. C. McLoutb, In which the top 
bt the Dundee Is at GTG foet. instead of 636 feet «■ In Plate XXXIII of Vol. V. 

Well No, 2. Commenced to drill June 7. 1898. Flnlebed Angnst 29. Ifm. Pipe In September 2. 
I'amping well September 4. 

Clay to IM feet, IS feet Iwrdpin, clay and gravel to 200. Two hand red feet of black ilate. IG feet of 
lime. |PuC In 218 feet lo-lncfi pipe to ehut off lurfaoe. Prom 200 tol«aoieSlhole.) SO feet soft white 
Boapatone, hard to mii. Could cutaboat4 feet per hour with a 4-inch item 43 feet long. Rock became 
lUrkcr and a little harder to S7S feet. Struck limestone, then we etrung a S| item 38 teet long. Tbe 
average then was 2 feet per hour to 710 feet. We struck sQIpbur water, 725 feet nit water, no feet 
lirawnleh limestone, soft. CoDtiniiea limestone easy on bits to 780 to 79B, a streak of gypnim. MO feet 
htrd streak of lime. 826 feet gypsum. 830 feet hard. »no to «60 gypsum, bothered. 9n) bard streak ol 
lime. 87S soft blue gypiam. BoO shelly limestone to B70 feel, average IS incbee per hont from 970 to 
I'OO. Hint limestone from 1000 Co 1040 leet. Good drilling, IB feet in 12 honrs. ConUnnes tbe same 
kind of rock to 1100 to 1160. Sandy limestone. Hard. Contfiiiies awful bard, s inches per hour from 
lieo to 122B, Hard to 1300. bothered with caving rock ami gypsum. Ovpsum In limestone to 1370. No 
tiace of gypsum from 1370 to I4U0, Cued at 1400, 61 -Inch casing. Awfnl hard to ISOO. ContlnneB hard 
i<> 1S70, wEere we struck salt. 2S feet salt in the first bed, 10 feet lime and 10 feet salt to 1600. Lime to 
1(12. Lime II feet. Top salt bed 1623 feel. Lime 1751, tott! depth of hole. 
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We find here, therefore, irregularities of dip such as are favorable to the 
collection of oil. If we are right in our correlations of the Algonac and 
Port Lambton wells in Vol. V, here, too, there is a corresponding drop, — 
from Algonac to Port Lambton, the top of the Dundee dropping from 513 
to 710 feet. About 10 miles southeast of Port Lambton in Canada, at 
Wallaceburg, a well was sunk in 1899, the record of which I owe to the 
kindness of Mr. Ami," and it will be well to repeat it here with my cor- 
relations. 

WALLACEBURG. 

Name. Thick. Depth. CompArisons. 

PleMocene — 

Bands and clays 36 36 

Boulder clay 86 120 

Shale 180 300 

Limestones 76 376 

Shale and sandstone 74 449 of . Marine City, XXXV, 370-480 ft. 

Traverse — 

Limestone, "top limestone'* 106 666 

Bhale, "top soapstone 96 660 '* 600 ft. 

Limestone, "middle limestone" 16 666 " 640 ft. 

Shale, limestone and clay 86 760 " 730. 

Dundee or Comiferoue* (Top of Monroe not separated)— 

Light colored limestone 260 1000 

Perhaps the lower part is dolomite. 

Stflvania — 

8andBtone» loo 1100 

Fine grained dolomites 2S0 1380 

Gypsi^roos " 320 1700 

(MO salt reported, the r^ord may be imperfect.) 

Ifiagara — 

Dolomites 120 1820 

Limestone 106 1926 

Oil at 1866. 

Caloareous and arenaceons shales 110 2036 

Medina — 

Gray sandstone, I pji_roinni 

Red shale and iiarls J 66 + 2100 + 

It seems that even at Wallaceburg the top of the Corniferous or Dundee 
is not quite as high as it is at Marine City, and lower than at New Balti- 
more. The indications for an anticlinal or some other disturbance which 
might collect oil and gas in large quantities between Mt. Clemens and 
St. Clair and northward are not bad. The anticline which Dr. Gordon 
finds trace of lies even nearer Port Huron. See his paper at the end and 
Plate IX. 

SAGINAW. 

The structure of the rocks of lower Michigan is basin-like. This is 
shown by such cross sections of lower Michigan as are given, for instance, 
in Vol. V of our reports. This structure is not favorable for the gather- 
ing together of large and valuable deposits of oil and gafl. For oil and 
gas are formed by the slow decomposition of animal and vegetable matter 
which was buried with the rocks in the bottom of the sea when they were 
formed. If now there is an upward bend or dome of the strata, known 
technically as an anticlinal, covered over l)y impervious beds, such as 

"Jonr. Can. Mln. Inst., Vol. II, pp. 186-191. Ottawa. 
^* Suggested as Orlskany by Mr. Ami. 



224 BOARD OF GEOLOGICAL SURVEY. 

clays or shales, the oil or gas may collect in large quantities in porous 
beds or fissures beneath. Otherwise they are likely to be scattered in too 
small quantities to be of much value. 

It is easy to see that a basin structure will tend to produce scattering 
rather than an aggregation. 

There are, however, two possible exceptions. 

Around the margin of the basin there may be radial flutings like those 
around the edge of some cake-tins, and in the upward bends of these oil 
may accumulate. For instance, the strata which run northeast past De- 
troit through Monroe and Wayne counties, turn in Macomb and St. Clair 
counties and run almost east. Thus from Macomb county toward the 
center of the basin (north or west) somewhere there must run the top 
of a bend which might accumulate larger quantities of oil. 

Again, near the center of the basin, minor upward flexures or flutings 
may occur, which would serve to collect the gas. 

Now there have been a very large number of wells put down along the 
Saginaw river, and from them we may infer that the crest of an anticlinal 
or upward fluting crosses the Saginaw river in the city of Saginaw not 
far from the Wylie Brothers' wells. 

This is shown in Plate IX of Vol. VIII, Part II, — ^the report on coal 
by A. C. Lane. 

For we have: 

At the northern part of Bay City, Marshall sandstone from 830 to 920 
feet down. General depth of brine wells, 1050 feet. 

South part of Bay City, Marshall from 840 to 970 feet. 

Wells at Melbourne are about 890 feet deep. At East Saginaw the first 
well in the north part struck Marshall sandstone at 633 to 742 feet, 
and the same sandstone comes in Qov. Bliss' well across the river in Zil- 
waukee at 665 feet, and two miles north in the New York and Saginaw 
Salt and Lumber Company's well, it is from 760 to 867 feet deep. Going 
south, however, the salt i*ock, i. e. the sand rock is said to rise, and at 
Wylie Brothers' well it is said to be but 715 feet through the salt rock. 
Beyond this, however, the salt rock deepens again; in South Saginaw, 
where it is 715 feet to the top of the sand rock; at Garfield, where the 
salt well was over 800 feet deep, and at St. Charles, where the new salt 
wells are between 800 and 900 feet deep. 

Inasmuch as the wells at Midland, Alma and St. Louis find the Marshall 
sandstone at 1000 to 1200 feet, it is there much deeper. The upper bend 
indicated by the wells along the river may be a fluting pitching to the 
west. 

If the oil and gas-yielding strata conform to the Marshall, however, 
the region of Wylie Brothers' well might contain oil or gas in commercial 
quantities. 

The first stratum of importance in this connection below the Marshall 
is the Berea grit. This showed strong signs of oil and gas at 2080 feet 
in the well at South Bay City, the record of which is as follows :^* 

PleMooene — 

Surface (mftde land and slabs) 10 10 Began Dec. 30,1896. 

Clay, thin seams of sand 40 BO 

Sand 5 65 

Clay 15 70 

Sand (black at 92 feet) 30 100 

Clay 6 106 

^*The dates give some Indications of hardness. 
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Coal Measures— 

Shale 

Qnicluand (probably flaaare) 

Sanditone, 166 on Jan. 5, salt at 220, oily at 280. 

Shales black and White and sandy , 

Thin seam of ooal at 

Pyrites (top of sandstone) 



Parma — 
Sandstone 



Eocarhoniferous, 
Upper Grand Rapid; (UaxvilU)— 

Limestone 

Sandstone. 



Lower Q-rand Rapida — 

Limestone 

Shale 

Ovpsum, etc 

Limestone 10 ft., shale 10 ft., sandstone 10 ft 

Gypsum 16 ft.« limestone .6 ft., gypsum and diale 10 ft. 

Shale and sandstone 

Limestone 

Limestone, gypsum and shale 

Limestone and shale 

Shaly limestone and pyrites 



3S 


188 


2 


140 


138 


278 


122 


480 




480 


10 


490 


60 


640 


70 


610 


10 


620 


6 


626 


26 


660 


10 


660 


30 


690 


90 


790 


eo 


780 


10 


790 


10 


800 


20 


820 


^ 


840 



Upper Marahall or Napoleon — 
Sandstone and salt water 



130 . 970 Feb. 2, 1889. 



Lower Marehall — 

1000 ft. Feb. 4, 1040 ft. Feb. 6. 

Red sandstone 

Blue shale 

Red shale 

Red sandstone 

White shale 

Red and white shale 

1210 ft. Feb. 8. 
Red sandstone 



Coldwater. (Cuyahoga) — 

Light white shale 

1310 ft., Feb. 9; 1380 ft.. Feb. 10: 1660, Feb. 14; 1660, Feb. 16; 

1760, Feb. 16; 1840, Feb. 17; 1900, Feb. 18. 
Red and blue shale 

1990 ft. Feb. 19; 2000 ft. Feb. 20 

Blue and white shale p 

Berea Shale — 

Red and white shale 

Blaok bituminous shale with signs of oil and gas 

2070 ft. Feb. 21, 2110 Feb. 22. 



90 
30 
20 
•20 
60 
6 


1060 
1090 
1110 
1130 
1180 
1186 


106 


1290 


620 


1910 


30 

10 

100 


1940 
1960 
2060 


10 
30 


2060 
2090 



Berea Orit — 

Grey sand rock, 

2140 ft. Feb. 24; 2170 ft. Feb. 26: 2210 March 1 

White sandrock, strong brine, analysed^, flowing over the surface 

2230 ft. March 3; 2044, March 4; 2260. March 6; 2266, March 9; 

2270, March 10. 

Neodevonian (Antrim Shales) — 

Blue shale (Bedford)? 

Black shale, oily with gas 

Rock salt (?) March 13 

2316. March 14 ; 2860, March 22; 2360, March 23. 
Black shale only 

2370. March 24; 2380, March 26. 
Black snale, signs of limestone 

2400 ft., March 29; 2410, March 31; 2420, Apr. 1; 2430, Apr. 4; 

2440, Apr. 6; 2460, Apr. 6; 2460, Apr. 8; 2470, Apr. 10; 2480, Apr. 12. 
Black calcareous shale 

2600, Apr. 19; 2610, Apr. 24; 2620, Apr. 26; 2640, June 19; 2660, 

June 24; 2660, June 27. 
Black shale, hard, with pyrite and signs of oil and gan 



10 2100 
160 2266 



26 2290 

14 2304 

6 2310 

60 2370 

10 2380 

110 2490 Apr. 16. 

90 2680 June 28. 



M u. S. G. S. Water supply paper No. 31. 
29 
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Meaodevonian (Traverse Group} — 

Limestone and Bhale SO 2610 June 30. 

2620,Jalvl. 

'^Limestone'* dolomite 20 2630 JnlyB. 

'^Sandstone*' dolomite le 2640 Julys. 

Sandy limestone 10 2660 July 6. 

2660, July 7 ; 2690, July 8 
Blue shale 60 2700 

2716, July 10 ; 2730, July 11. 

Limestone, mixed 16 2716 

Shale 18 2734 

Sandy limestone with gypsum 6 2740 July 12. ' 

2760, July 13. 
Dolomite like bottom of Alma well with gas and brine 20 2760 July 14. 

(Canadian oil horizon). Some HsS. 

2770, July 16; 2780, July 17; 2790, July 19; 2800, July 20; 2810, 

July 21; rope broke,— 2818, Nov. 10; 2K8. Nov. 11 ; 2888, Nov. 12; 

2860, Dec. 2: 2906, Dec. 6; 2912, Dec. 7; 2926, Dec. 9. 
Limestone, yellow hard like Corniferous, compare Alpena lime- 
stone 180 2840 Dec.ll. 

2960, Dec. 13; 3020, Dec. 14; 3060, Dec. 16; 3100, Dec. 16. 

Blue shale (slate) 180 3120 Deo.l7. 

Blue limestone and gypsum 40 3160 Dec. 18. 

Blue limestone, sha^ and gypsum 20 3180 

Limestone and shale, slightly browner 10 3190 Dec. 19. 

Black shale and limestone 60 3250 Dec. 20. 

Dark brown limerock, shale and gypsum 20 3270 Dec. 21. 

Dundee or Corniferous — 

3280, Dec. 28 ; 3290, Dec. 30 ; 3300, Dec. 31. 

Limerock 40 3810 Jan. 1, 1900. 

Lighter limerock and white sand 20 3330 Jan. 2. 

3340, Jan. 3; 3370, Jan. 24; 3380, Jan. 6; 3390, Jan.'O; 3410, Jan. 7; 

3420, Jan. 8; 3460, Jan. 9. 
Light limerock 130 3460 Jan. 11. 

3470, Jan. 12. 
Limerock and sand 20 3480 Jan. 14. 

3490, Jan. 16; 3600 Jan. 16. 
Limerock , 28 8608 Jan. 18,1900. 



It will be noticed from the above that the signs of oil and gas occur x 
from the base of the Berea shale down, and this is 1120 feet below the 
base of the Napoleon sandstone, which is the main salt rock. If we sup- 
pose this at Wylie Brothers' well to be but 715 feet down, then the beds 
most likely to yield oil or gas, the next 500 feet below the top of the Berea 
Grit, will be from 1825 tp 2325 feet down at Saginaw, and there would be 
two or three brines to be encountered. Next would come a rock salt and 
dolomite formation for 1000 or 1500 feet more, perhaps. Then comes the 
Niagara for 400 to 800 feet, which has occasionally yielded oil and gas. 
Before we reach the Trenton oil horizon, which has a great reputation 
among oil drillers, there will be possibly 600 feet more of shale, red, blue 
and black. This is the lowest oil horizon of which we have any knowledge, 
and it would take a well 5000 feet deep to explore it. 

But in regard to any of these horizons there is a good deal of uncer- 
tainty. The Berea Grit is not always present. It may not conform in 
such a matter as slight undulations of a hundred feet or so to the Mar- 
shall, and it may not be porous enough to yield gas in considerable quan- 
tity. As in most underground operations, there are large prospects of 
failure, with proportionate rewards in case of success. 

The Trenton and Niagara are so deep that the cost of exploration bears 
no ratio to the chance of success. But the Berea Grit is at a reasonable 
depth and a glance at the dates given with the Bay City record shows that • 
the drilling between it and the Napoleon rock is easy, only three weeks' 
work or so. In case oil or gas was not encountered, the brine might be of 
value. 
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NORTHERN PART OF THE STATE. 

The prospects around Alpena county have already been referred to. 

Recent wells on St. Joseph's Island just over in Canada, Neebish, St. 
Ignace, Cheboygan and Grayling, put down for salt or oil, give material 
for a pretty good section from north to south, and seem to indicate but 
little prospect for oil or gas. The only qualification that need, perhaps, 
be made is that near the possible outcrop of the Berea, that is along a 
line from Harrisville to Atlanta^* and Vanderbilt, and thence southwest 
there is the same possibility of moderate accumulations. The records of 
the wells referred to are as follows : 

On St. Joseph's Island a well 200 feet deep is said, to have struck the 
Huronian without striking oil, but we have no fai:ther details. 

NEEBISH ISLAND. 

On Neebish Island near Sailors' Encampment, T. 45 N., R. 2 E., only a 
few feet from and above the water, a well was put down by A. W. Palmer 
for the American Alkali Company to a depth of over 527 feet*^ with the 
following results: 

Nosamples, drift? Ill 111 

Trenton — 

Arglllaceout limestone 5 116 

Light foBsllif erous limestone 12 128 

Light dolomitic " 10 138 

Bluish " »* 10 148 

Light " " 10 168 

Chazy (?) — 

Thin bluish dolomitic limestone 5 163 

Llghtbluish limestone 48 211 

Calciferoua (?) — 

Sandy dolomite 3 214 

Mixed drillings 4 218 

Dark slaty 6 223 

PoUdam, Upper — 

Clean white sandstone, a glass sand, like that on the north part of 

Sugar Island 161 384 

Light red sandstone 33 417 

PotBdam, Lower (Lake Superior Sandstone) — 

Coarse red sandstone, conglomeratic with pebbles of red Huronian 
quartzite 110 527 to 665? 

According to Rominger's description the location of this well should 
be close to the top of the Trenton, and I think it likely. The divisions of 
Chazy and Calciferous are lithologic and very uncertain. 

ST. IGNACE NO. 2. 

The new well at St. Ignace is about two miles north of the old well on 
Sec. 31, T. 41 N., R. 1 E., about 600 feet north of the town line, 300 feet 
from Lake Huron, 590 A. T. or less. 

" Near which, on Sec. 7, T. SO N., R. 3 E., Is a spring %hsLt yields gas like those near 
Kilhnaster. 

^ Five hundred slxty-flye feet says the Michigan Miner, December, 1901, p. 16. 
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Comparing with the first well reported in Vol. V, it appears that the 
l)eds dip about 40 feet per mile to the south. The record is : 

Pleistocene — 

Surface , 34 34 

Oravel with gypsum 9 45 

Monroe — 

Dolomite 63to80 

Dark dolomite 100 to 104 

Gypsum 174 to 187 

Red iliale 

Blue shale 

' Gypsum 2S5toa60 

Red shale 

Blue shale « 

Gypsum, about 300 

Blue shale with gypsum at 329and d64-400and other spots 

to 426. 
400 ft., Jan. 16. 

Gypsif erous dolomite 18 444 

Light dolomite 19 463 

Dark brown dolomite 47 510 



Niagara 

(Guelph) — 

Light dolomite 60 570 

White sandy dolomite 15 585 

Good water at 575 feet. 

589feet, Jan. 29. 

Hard mixed cherty dolomite 7 602 

White sandy dolomite 196 788 

681, Feb. 10; HjS water for over 100 ft; 870, March 23. 
Brown and mixed dolomite 232 1020 

Lockport i ?) — 
Limestone 90 1110 

Rochester (?) — 

Blue shaly dolomite 35 1145 

Brown cherty dolomite 5 1150 

Light dolomite 16 1166 

As neither the previous well nor this shows the Medina Lorraine and 
Utiea shales, at least the middle group of which is known to exist, it fol- 
lows that at the bottom of the well the dip from the Neebish Island well 
must be over 1200 feet in 30 miles, or over 40 feet per mile by about a foot 
for every 30 feet of strata of these groups. If they are 600 feet thick, as 
is quite likely, then the dip will be 60 feet per mile. 

An estimate of 600 feet for this group, though very much more than 
any previous Michigan estimate, is not out of harmony with estimates in 
(^anada, and the following well from its position should show only about 
the lower third of the interval between the Niagara and Trenton. 

BAY DB NOC. 

Escanaba, Delta countv, S. W. 14 of N. W. i/4 of Sec. 8, T. 39 N., R. 
21 W.: . 

Pleistocene — 

Gravel and clay 9 

Lot^aine (Hudson R.) — 

Blue shale 45 54 

Fossilif eroQs shale 13 67 

Brown shale 28 t6 

Blue shale 20 115 

Brown shale 8 123 . 

Oray shale 70 193 

Light gray shale 8 201 
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Utica — 

BitninlDous shale BO 251 

Trenton — 

Limeitone 83 334 

Fosslliferou* limettone 68 88P 

White limestone 8 307 

Dark Hmestone 9 406 

Qaartxite 6 412 

Limestone 44 4fi6 

Quarts 1 467 

Limestone 24 481 

Bine shale 4 486 

Black limestone 14 409 

Limestone ^ 19 618 

Blueshale 4 622 

Sandstone, soapstone and limestone * 38 600 

Redclayshale 1 661 

Sandy shale 1 662 

Limestone, soapstone and sandstone 66 628 

Crystalline limestone 12 640 

I>epthofhole •.. 640 

ASPHALT IN THE UPPER PENINSULA. 

Near by at Rapid River there has recently been considerable intei'est 
in an asphaltic oil, which occurs in cavities in the Trenton limestone. I 
take no stock in the idea that there is a great pool of it at a considerable 
depth in a ^^Synclinorium," but it might occur in fissures in the Trenton, 
where covered by clay drift, and especially where covered by the Utica 
black shales. I take the dip of the formation to be fairly uniform to the 
southeast and not less than 40 feet to the mile. Both where it is struck 
in borings and in the outcrop, the Trenton generally shows signs of oil. 
In particular in cavities where exposed along Rapid river there is more or 
less semi-fluid, dark-brown, almost black oil residuum or ^^gum/' which 
gave Fr. Ruschhaupt of Milwaukee the following results : Odorless until 
heated, then gives off an asphalt smell. At 185° F. foams, fully Hijuid at 
200° F., foaming at 300° to 350° F. Near 430° F. slight decomposition 
with evolution of a small amount of empyreumatic matter. At 556° F. 
boils, and after aljout one-half hour thickens, and boiling point rises. 
Boiled at 000° F. for three-quarters of an hour, the residue, cooled to 70° 
F., gave a hard, tenaceous asphalt. Perfect combustion left 5.08 per cent 
ash. 

Soluble almost perfectly in gasoline, petroleum, ether, benzine, turpen- 
tine and chloroform, separating some water, and leaving only a small 
residue, to wit, the mineral and organic matter. Of the crude bitumen, 
42.05 per cent was soluble in petroleum, ether, and 69.02 per cent in 
chloroform; none of it soluble in alcohol. 

Bumming up the result of distillation we have — 

1. 2. 

Distilled at 212° to 347° (mainly water) 25. 2.21 

Distilled at 570° to 600° (mainly oil) 45.36 46.55 

Asphalt : 24.56 46.73 

Balance ash or decomposition products 5.08 4.51 



100.00 



No. 2 is the result of a second test by Ruschhaupt. 

The oils were soluble in all the solvents mentioned except alcohol. Mr. 
Ruschhaupt says there is no petroleum in the distillate, and no paraffine, 
gum asphalt being the only base. A company has been formed at Mil- 
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waiikee, M. D. Kelley secretary, to see if it cannot be found in commercial 
quantities. 

The region of interest just now is between the Rapid and Whiteflsh rivers 
in Delta county. There is said to be but a thin coating of drift-'* 

CHEBOYGAN. 

Returning once more to the north and south section, we have a very deep 
well at Cheboygan, the samples from which just arrived in December and 
have not been carefully studied, but is of so great interest that we will 
insert a provisional record. The driller, Mr. F. P. Rust, showed me many 
courtesies and took for me some temperature measurements with a Green 
self-recording thermometer, which are elsewhere given. 

I may note that "pepper and salt'' generally refers to drillings from a 
cherty brown dolomite. It will be noticed that there are some 500 feet 
of shaly bed^ at the bottom, and neither the Utica nor the Trenton appear 
to be yet struck. Very curious is the alternation in the samples of typical 
Medina material with tluit which looks' like Clinton. 

Total. 
Pleistocene — 

Surface, till. 180 

Gravel, chert 208 

Sand 206 

Gravel and aand 230 

Gravel with many dolomite pebblei 245 

Sand 2fio 

Mainly dolomite, few other graini 206 

Coarse pebbles, chert, qoartKite, amphibolite, etc 270 

Sand, quarts largely 290 

Clayey or calcareous sand 300 

Broken fragments of dolomite and pebbles 334 

Aug. 6, 1889. 

Aug. 8. 1880. Pebbles of granite, dolomite, etc 352 

Sand.. 7. 364 

Sand and cherty dolomite 856 

Coarser sand, fine gravel with dolomite 380 

Aug. 12, 1889. 

« 

Monroe or Salina — 

This was a brecciated acicular dolomite, with slits and round or square cavities. It 
worked back so that the Much casing had to be reamed down to 800 feet. 

Aug. 17, 1889. Dolomite and sand 375 

lArge angular fragments of dolomite 380 

Cherty dolomite 438 

Aug. 28, 1890. 

Oct. 12, 1899. Very cherty 512 

Sept5,1900. *' " ; Sept. 12, 1900, at 540 quicksand 570 

Darker dolomite * 086 

Nov. 27, 1900, 

Still darker dolomite 700 

Red shaly stuff 860-900 

At 1060, water which *'dlssol ved*' red sandy shales above. 

March 6, 1901. Tubing to 1060 

1100 

Red and blue shales 1300 

March 9. Dolomites, jrypsum and brine (61* 6F at 1360) 1360 

(Just below 1400, March 12, 1901, brine) » 1460 

liar k dolomite . . '. 1476 

Lighter dolomites 1478 

Bun dolomites speckled with chert 1625 

Jfiayara (Ouelph) — 

1560 

Light cherty, March 26 1666 

Lighter brown 1675 

Finer powder 1685 

: 1616 

No. 1, light 1626 

No. 2. red rock, slow eff. in acid (1835) 1636 

No. 3, red rock 1640 

^ 1662 

Coarse chips, dolomite 1666 



" Artoslan wells are struck at 250 feet, more or less. 
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Fine grained llcht dolomite .;..*' 1670 

Coarse chips dolomite 1700 

•• dolomite • • 1776 

•• dolomite 186a, 

** If ttle darker, a little black shale 19^ 

Large pieces, dark bltuminons iwi 

»* «i *t (t ^ ^ ^ ^ ^ ^ 1942 

Smaller pieces " •• ." .' .' .' .* .' .' .' .' .' .* .' .' .' ." .* * .' * .' * .' .* .' .' . .' .* .* .' .* .* .' .* .* * .' .' .' . .' .' .' .' .' ." ." .' .' .' . .' .' .* ." .' ." .' .' 1958 

Lighter 1963 

Mnch chert 1980 

Coarse chert and dark dolomite 1987 

June 13. Fine brown and white chert, agate, quarts 2005 

" 2014 

Brown 2027 

Coarse dark with black shale 2033 

Brown 2040 

Very fine powder 2046 

Lookport — ' 

Brown pepper and salt dolomite 206S 

Light colored 2070 

Coarser brown 2073 

Coarse pepper and salt 2077 

Fine grained 2080 

Some with quite a little darker f ngments 2090 

t* «» (( it t* (I »« 2094 

Finer grained and no darker 2105 

««. »» ♦♦ »• »« 2110 

•' " " •' ♦• (odlitic?) ". '.'. '".'..". '. '. 2116 

Similar but with more rusty pepper and salt appearance 2123 

Rochester Bhale — 

With darker fragments 2136 

All darker 2143 

Slightly lighter 2150 

Very dark f 2165 

Black to drab, black tinge 2170 

Dark 2173 

Lighter 2180 

Tends to shale, dark, not so shaly (2200) 2206 

Clinton — 

Rusty white limestone 2236 

•* •« »• 2245 

Bluer slightiy shalier 2262 

Blue sbaus and limestone 2257 

Bluish shaly limestone 2261 

Similar not well washed 2266 

Medina — 

•Red, shaly, with a little green 2881 

White limestone 2307 

*Some limestone, mainly red and green shale 2311 

Limestone and blue shale 2816 

Black shale and limestone 2367 

Fine white limestone 2375 

Red and green shale 2407 

Lorraine — 

Bluish limestone 2426 

Dark dolomite 2430 

Very dark dolomite 2432 

Very dark dolomite 2437 

July 18. Very dark dolomite 2466 

Dark blue shaly limestone 2760 

Inasmuch as the Cheboygan well does not reach the Trenton, the dip 
of the same from Neebish, about 45 miles north, must be over 6U feet per 
mile, but I do not think it is over 66 feet per mile. * 

• GRAYLING. 

A scientifically important well has been put down by T. Percy for 
Sailing, Hanson & Co. It is the quickest sunk of its depth of any in the 
State, being started the last of January and reaching 325 feet March 11, 
having met quite a little quicksand. By the 21st it was down about 500 
feet. By April 29 it was down 2200 feet, and was finished May 6 at 
2750^* ( ?) feet. 

"Detroit Free Press, May 7. 1901. 
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The record from the samples is as follows : ' 

PleMocene — 

SftDd 80 66 

TtU B© 100 

Mainly Hind, Mine clay and gravel, plenty of water 200 30O 

Bandy clay, till v 26 886 

Coane cement, aand, etc ; 40 366 

Lower Ctrand Rapida — 

Calcareoas Htndstone 16 880 

Dark limeatone 28 406 

Gypsum ! 132 640 

(Record probably Imperfect) 

ColdtOQter — 

Blue calcareous shale, 8 in. casing to 000 feet 36 676 

Blue shale 386 960 

Limestone 190 1160 

Blue shale 300 1640 

Berea HarUon ( ?) — 

Red and blue shale 60 1600 

Jieodevonian shaUs (Antrim Shale*)— 

Dark shale 210 1800 

Blueshale 100 1900 

Oreen and black shale 100 2000 

Qreen and blue shale 126 212R 

Bituminous black shale 40 2166 

Meeodevonian (Traveree Group)— 

Blue argillaceous limestones 210 2376 

Blue and bv^f dolomites 60 2426 

Lieht limestones 76 2600 

Bim dolomitie limestones, last sample. 
Temperature 96. 9* F. at 2600 ft.: at 2626 ft. bottom of well when sounded with steel tape, Aug. 6, 1901. 
This may have reached the top of the Dundee or Comlf erous. 

Brine, Sp. Wt. 1.188, strong in earthy chlorides 2760 

If this well does not reach the top of the Dundee,** it reaches nearly the 

horizon of the top of the Cheboygan well,*® and the dip, since the well is 
1140 A. T., OP say 550 feet higher, would be somewhat over 31 feet per mile, 
which is similar to that which we found from Alpena to Killmaster. It 

is not surprising that it is less than farther north, for we are nearer the 
center of the basin. 



LAKE MICHIGAN SHORE. 

MUSKEGON. 

There have been a number of deep wells put down here at various times 
for various purposes, mainly for salt manufacture. Omitting the nearly 
fresh water wells which go less than 700 feet down into the Marshall sand- 
stone, we have: 

I. The oldest and farthest west is the Whitney or Truesdell well, also 
called the Hacker well, about 586 feet A. T. Reported by Rominger."^ It 
is 1230 to 1600 feet deep. 

II. The Mason well, 23 feet above the lake, b^an in January, 1872, and 
in June, 1874, reached, at 2000 feet, 50 feet of salt-bearing rock. In 
January, 1875, it was 2400 feet deep, cased 225 feet to rock, with 1400 feet 

'* It is possible it does not penetrate the Traverse, but I think that It does and that the 
filling in at the bottom is due to the blue shales at the bottom thereof. 

" Supposing there were no drift, the well would probably begin In the Cornlferous. 
"Vol. Ill, Part I, p. 84, of our reports. 
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of 4%-inch caaing inside. This was reported in Vol. V,'^ and the only 
additions we can make from recent data are that from 625 to 685 feet are 
heds of sandstone or limestone, and that the petroleum and gas located 
as about 1200 feet down is probably near the horizon of the Berea Orit, as 
the quality of the oil indicates, but the quantity is much over-estimated. 
The brine at 2030 feet is from the Dundee, judging from the analyses. 



MUSKEGON BRINE 


ANALYSES. 








1. 


2. 


3. 


4. 


6. 


CiiCls 


69.206 
.546 
tr 
tr 


64.10 
4.22 


77.74 
tr 


40 
tr 


67.69 


Ck80« 


.29 


AlflOt 




FesOi 










OkCOi. 


•mall 

14.97 

2.37 

22.16 

166.17 








MffCli 


17.084 
2.346 


28.6 
tr 




6.41 


'■■•^^■■••* ••• •• • 

MeBn 






Ka 






NaCl 


174.933 


129.46 


280 


199^.76 






flnm „ , ,^.., ,,, , , ..-,.. 


233.103 
33.3 
236.4 
present. 


286.90 


236.6 


920 


266.17 


Water of crrstalliatloii. etc 




By EvftD 










HfS 


unall 


.066 


Strong 









1. A. B. Presoott, Sept. 6, 1868, at 16.6* C. 8p. Or .=1.20642, neutral, sediment of Iron sulphide, Ryerson 
well, pump at 1660— cased to 1400 feet, depth 2060 feet and brine probably from last lift feet, K probably 
included with Na. 

2. C. A. Grossman, Sept. 26, 1868, at 62*.5 F. 8p. Or.=1.21. Ryerson well. 

3. H. Drasoh, Sept. 29, 1881, at 00* F. 8p. Or .=92* brine, Nacl by difference residue of salts? This, 4 
and 6 are from the same well, probably not a pure brine. 

4. 8. 8. Garrigues, Aug. 12, 1881, 8p. Or .=1.210, eyidently very rough. 

5. ]?rof. DeLa Fontaine, of Chicago, at 65° F. 1.215 Sp. Or. Computed from pounds, 
ounces and grains per gallon, supposing Ay. weight to be used, and the Imperial gallon of 
10 Ibe. The gallon may be the U. S. gallon by measure, in which case the figures should be 
divided by 1.006. Nos. 3, 4, and 5 are from the Mason well, when cleared out and torpedoes 
exploded at 2015 and 2035, left blocked below 2100, 102* to 105* Salometer brine. 

III. The Byerson-Hills well is farther east, about 588 A. T., and a 
record could be obtained complete only to 1427 feet, as follows : 

Pleistocene — 

Band 66 66 

Clay 136 200 

Hardpan 6 206 

Hardpan, sandy spots, and shale 90 296 

Loirer Marehall and Ooldwater — 

Dark and light shale (? see v.) 200 486 

Lime 4 602 

Bhale 20 602 

Lime 1 688 

Li^t shale 20 648 

Lime 2 645 

Light blue shale 40 666 

Lime 2 667 

Light blue shale 16 

Hard lime rook 80 

White and blue shale and streaks of lime 196 877 

Red shale 6 886 

Hard lime 8 886 

Dark and Ught shale 222 1110 

Lime 6 1116 

Loose shale 312 1427 

« Plate XLIII. 
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This well was continued to between 2050 and 2200 feet and the pump 
set at 1650 feet, and at 40 strokes per minute gave 52^ gallons of brine 
in 3 to 4 minutes. It was cased 200 feet to rock, then 1400 feet (shutting 
off the oil horizon), then to the brine. Early in 1900 it was cleaned out, 
plugged at 1200 and tested for oil. It yields a little. I made temperature 
observations on it July 18. It was full of water, with a little oil on top, 
to the top of the casing. 

IV. Near the Ryerson well, but closer to the water, a well was put 
down for oil in 1900. The record of the Ryerson well was used for com- 
parison, and the new record, which was not kept in detail, is said to be 
about the same. 

Surface 114 214 

Shale and lime 161 875 

Water bearing strata 25 400 

Shale, etc 

6i inch casing to 780 

A little salt and oil at 1227 

Dry at 1515 

V. A well was put down in the fall of 1900 about 44 feet southwest of 
the Mason well and about 12 feet above the lake, for the Michigan Oil 
Company, C. K. Macfadden, manager, of which Prof. McLouth kept a 
careful record for me, with a numbsr of samples, as follows: 

Pleiaiooene — 

Sand becoming finer downward 60 00 

Calcareous blue clay free from pebbles 163 223 

Gravel in clay and And, till 12 286 

White micaceous sandstone 105 340 

Coldwater — 

, Blue micaceous shale— drilled 65 feet in 7 hours 280 620 

' Harder shale with carb«>nates of iron and lime-drilled 70 feet in 10 hours 80 700 

Soft blue shale, calcareous 190 880 

Brown limestone 24 914 

Flagstones, shales with thin lamlnie of white sandstone and calcareous bands, 

drilled 40 ft. in 4i hours, and once a ft. in 33) minutes 361 1275 

White very fine grained micaceous sandstone or silicious shale, yielding a little oil 18 1293 

Sandy shale...... 27 1320 

Shale, somewhat darker at bottom 180 1600 

Now it is about 86 miles across to Milwaukee, where the feather-edge 
of the Hamilton and Helderberg rocks appear, which are not less than 
1700 feet down at Muskegon. The dip to the center of the basin should 
therefore be, normally, 20 feet per mile or more. 

Unfortunately the wells so far are so close together and have such inac- 
curate records that there is no sure indication as to whether the local 
dip conforms to this or not. The first thing to do, therefore, if explorations 
are to be continued, is to spread the wells so as to see what prospect there 
is of abnormal dips, and incidentally it may be that some place will be 
found where the sandstone at about 1200 feet, which is so very fine-grained, 
will be more porous. 

Jf the "red shale'' and limestone at 877 to 888 feet in the Ryerson is the 
same as the brown limestone at 890 to 914 feet of the last wpll, the bed in 
the Ryerson well would not be deeper, as it should according to the normal 
dip. This may be a slight indication of an abnormally flat dip. 



ANNUAL REPORT FOR 1901. 



235 



'< MANISTEE. 

Near Manistee the wells are more scattered than at Muskegon. (See 
map, Plate X.) They extend five or six miles from the Ganfleld and 
Wheeler well, close to Lake Michigan and about 592 A. T., to the wells 
at Stronach and Filer City at the head of the lake. Four plates are given 
in Vol. v. Mr. J. J. Hubbell has kindly assisted me with notes on these 
wells, locations, elevations and profiles. There are some .twenty-eight^* 
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3 

4 
5 

•e 
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8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

ao 

21 
22 
23 
24 
26 
26 
27 
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Owner. 



Ganfleld & Wheeler 

•• •* 

ManUtee Lumber Co.... 
*• ** **.,.. 

Louis Sands 

** ** 
Ganfleld S.and L.Co.... 

B. G.Peters 

if M 

tt t( 

t* tt 

tt (t ^ ^ ^ 

Buokley & I>ongla8S 

(« (( II 

*• •' ** 

It 44 II 

II II II 

Ganfleld 8. and L. Co 

i< II II 

State Lumber Go 

II II II ^ ^ 

II i< **.... 

Louis Sands 

f« II 

Filer & Sons 

Union Salt & Lumber Go 

II II II II 41 



Location. 



0.7 mile y» 0.68 mile W., Sec. 11, 
T.21N.,R.17 W 



Eleva- 
tion 
above 
lake. 



0.7 mile N., 0.68 mile W., Sec. 11, 
T.21N.,R.17W 



.28 .72 Sec.l, 



II 



.1 
II 

.92 
It 

II 

II 
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.64 
11 

It 

II 
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It 



It 



.04 .44 
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.08 

It 



It 



II 



II 



It 



II 



II 



14 



II 



It 



.28 Sec.7,T.21N.,RJ6W, 



It 



It 



II 



It II 



II 



.40 Bec.l2,T.21N.R.17W. 



14 



It 



11 



It 



.18 .36 9ec.7,T.21N.,R.16W. 



.18 .21 8ec.l2.T.21N.,R17W. 



.69 .97 Sec.l8,T.21N.,R16W. 

.96 .86 Sec. 19 T. 

.72 .68 8ec.20 



11 



12 



II 



30 



25 



Tbtal 
depth. 



2,270 

1.947 
1,928 



2,012 



2,026.5 



2,015 
1,947 



Depth to 

top of 
salt rode 



1,982 
or 

2,016 
to 

2,025 



1,900 



1,965 



1,924 
or 



J. P. Miller and Co. report that they put down four wells 1900 feet deep, two each for the 
Engelman Saltworks and Chas. Rletz and Bros., in March, 1883, and Feb., 1882, respectively. 
The depth given is however obviously only a round number. 

"Jan. 1, 1901. 
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in all, but of many we have few notes, pnly the depth to the salt, or the 
total depth. Beginning at the west, we have the Canfleld and Wheeler 
wells already described.*^ It is important to add, however, that the well 
was later deepened some 500 feet for them by T. Percy. The samples were 
sent me and show that they entered the white Quelph dolomites, which 
form the opposite shore of Lake Michigan. Analyses*^ agree therewith. 
It appears, accordingly, that the dip across the lake is not less than 39 
feet per mile, and probably not over 50, a dip intermediate between that 
from Milwaukee to Muskegon, and that from Neebish to Cheboygan. 
Their second well was drilled 1926^ feet deep, but probably not to the 
bottom of the salt. 

The Buckley & Douglass Lumber Company well No. 5 is not hitherto 
reported, and to the kindness of Mr. Hubbell we owe a record. It is higher 
than the Canfield and Wheeler wells, being about 610 A. T. The record is : 

PleUtooene — 

lint casing 10-lnch pipe diiyen 400 feet 400 

Second oasmg 8*lnoh pipe to bed rock through land, clay and gravel 616 616 

Devonian — 

Hard shale 324 940 

4^inch casing to WK 

3-lnch casing to 1082 

A 3-inoh pipe for brine inserted 986 ft. 

Limestone 690 1670 

Soft shale, 7-inoh hole drilled, brass lining to caving rook 110 1680 

Silurian — 

Limestone, 6-ineh hole, no lining 196 1876 

6-ineh hole brass lining caving rock salt and gypsum 20 1806 

Limestone, 6-inch hole, no limng 90 1986 

Brine cavity T 30 2016 

An air lift is used, the air being carried down to 985 feet and the brine 
raised from 400 feet to the surface. 

Upon the names of the rocks we evidently cannot depend, but the salt 
is plainly about 70 feet deeper than in Canfield's wfell, and it may be that 
the casing from 1460 to 1520 feet in the latter hole corresponds with that 
from 1570 to 1680 feet in this, but the Canfleld record is as unsatisfactory 
as this, in that the samples do not at all match the "log." Between this 
Buckley & Douglass well and the Peters well*^ the correlation is easier. 
The bottom, of the salt being in one case at 2015 feet in the other at 2026, 
the two are aboi;it on a level there, but the Peters well showed quite a 
little oil and gas at 1905 feet. The soft shale at 1490 to 1600 feet in the 
latter must be that at 1570 to 1680 feet, in the former, however, being at 
the base of the Traverse Group, and 960 feet will correspond to 940 feet. 

Now when we go down to the head of the lake at Stronach,** we find 
the saJt down at only 1930 to 1964 feet. The Bell (Marcellus) shale at 
the base of the Traverse is higher, too, — from 1450 to 1625 feet, — ^with signs 

» Vol. v. Plate XXXI. Letter of B. D. Wheeler, Feb. 13, 1900. J. J. Hubbell. Jan. 16 and 19. 

*^ No. 322 in Water Supply Paper No. 31 of the U. S. G. S. Is of the brine before deepening, 
No. 323 after. Compare the Britton analysis. 

The elevation of the two C. and W. wells is but 12 feet above the lake. 

» Plate XXXII. 

opiate LXV. Mr. Hubbell says that the Union Salt and Lumber Co. wells, 25 feet above 
the lake strike the top of the salt at 1949 feet and the bottom as supposed at 1982 feet, but 
as the wells afterwards spontaneously deepened to 2016 respectively to 2026 feet, he doubts this 
latter fact. 
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of oil and gas immediately beneath. The base of the black shales is, how- 
ever, if rightly given, at about the same depth, 970 feet. 

Therefore, instead of corresponding beds being 200 or 300 feet deeper 
than in the Canlield and Wheeler wells at Stronach, as they should be, 
were the dip across Lake Michigan continued, they are about as high, 
and higher than in the beds between. Gas was also noted at 600 feet. 

It seems to me, therefore, tJiat near Stronach there must he an arch, 
which ought to collect oil or gas in commercial quantities at its crest. 
But, of course, as there are no wells southeast of Stronach for many miles, 
we cannot tell either its course or position as yet. 



SALT. 



I 
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SALT. 

The development of the salt business has been mainly along the St. 
Clair and Detroit rivers. A number of the well records have already 
been given, e. g., those at St. Clair, Marine City, New Baltimore and 
' Detroit. 

At St. Clair the salt comes at 1668 feet in well No. 3, with the following 
record : 

Salt 26 1693 

LimeBtone 77 1770 

Mtxtare 16 1786 

Salt .* 20 1806 

Mixture 6 1810 

Salt. 45 1866 

At Marine City the Michigan Salt Company have — 

Salt 26 1696 

Limestone 10 1606 

Salt 10 1615 

Ltmettone 11 1622 

Salt 126 1761 

The Davidson and Wonsev well had black shale at 600 feet, and at 
1565 feet 250 feet of salt. 

The well of the Pennsylvania Salt Company, below Wyandotte, is said . 
to go through a bed of salt 103 feet thick at about 1200 feet. 

The Pennsylvania Salt Company have a well near the Lake Shore tracks 
and Ecorse river with 25 feet of salt at 830 feet, and other beds below, — 
80 feet between tliat and 1050 feet. 

Salliote and Ferguson, at the River Rouge, also have salt wells, and 
the Michigan Rock Salt Company are putting down a shaft to mine rock 
salt. The waters above the rock are strong of H, S and their amount 
and character is the chief difficulty in the way of mining it, which has 
been under consideration now for some years. 

The rock salt beds themselves are dry and water from the St. Clair or 
Detroit rivers is pumped down to dissolve the salt. In one case Mr. Hill, 
for many years salt inspector, found that an off tinge in the salt which 
wa« causing much trouble, was due to the water not being quite pure at 
the intake. When this was changed the difficulty was remedied. 

The temperature of the upcoming brines is, according to reports, 
remarkably low, and deserves farther study. 

The rock-salt brines contain more lime, especially as sulphate, and the 
salt is more likely to cake and be "sharper," and so for some purposes 
less desirable, than the natural brines. A group of analyses of these 
brines at Detroit is as follows: 
81 
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Analyses of Detroit brine, from M. M. Green:* 



NaCl.. 
MgCls 
CaS04 
CaCls. 



Jan. 


Feb. 


Mar. 


April. 


May. 


311.72 


312.69 


809.46 


308.78 


311.78 


.228 


.258 


.278 


.278 


.219 


6.943 


6.04 


6.892 


6.06 


6.06 


.248 




.266 


.210 


.196 





June. 



310.16 
.266 
6.764 
.307 



As the analyses show, they are very free from the earthy chlorides as 
compared with the natural brines, and hence there is not much of bittern 
to throw away. 

With these natural brines the quality of the salt is affected, and a dispro- 
portionate amount of the heat^ is needed if the evaporation of the brine 
is carried too far.^ Hahn's papers contain a great many analyses. The 
following* is an analysis of a Saginaw valley brine by E. M. Vanflint : 

• 

CaClj 26.91 

CaS04 1.19 

FeCOa .92 

AlsOg .22 

MgClj 6.27 

MgBrf 2.36 

I,K.L1 tr. 

NaCl 179.49 

HjO 783.73 



1000.00 



In the Saginaw valley the most interesting feature is the putting down 
of a number of wells at St, Charles, to use the waste of the coal mines. 
These wells pass through the lowest coal at about 425 feet, and below this 
are said to find a good deal of limestone, striking the "salt rock," the 
Napoleon limestone, at 700 to 810 feet. 

It is a i)ity that the deep well at Bay City, whose record is elsewhere 
given, was not put down through the salt formation so as to touch the 
Niagara beneath, and see what there may be in the way of rock salt 
beneath the valley, and it may be hoped that sometime there may be, even 
for the scientific interest of the matter apart from any definite pros- 
pective value, a hole in the lower peninsula as deep as in the upper. 

^ In grammes per litre. 

* See a series of articles by H. C. Hahn in the Berg Huettenmennische Zeitnng for 1867 
and 1881. 

* Hahn, loc. cit., recommends concentrating Saginaw valley brine only to a density of 1.25. 

* And many more will be found in U. S. G. S. Water Supply Paper No. 31. 



^ METEORITES. 

There has recently come to my oflSce a paper by Merrill and Stokes^ on 
a meteorite which fell July 10, 1899, on Thomas hill, on the Saugatuck 
road near Allegan. *'The total weight cannot have been far from 70 
pounds." 

Specks of magnetic matter are common in all the samples of drillings, 
and a test with copper sulphate shows that metallic iron is often present. 
Usually these can be shfely assumed to be worn from the drill, but there 
are a few cases, where the softness of the associated rock or the abun- 
dance of the iron or some other feature makes this explanation hardly 
satisfactory. An iron mica decomposed in the presence of organic matter 
seems to be responsible for one case. Are some of them meteoric ? 

The numerous suites of specimens representing the geological column of 
the Statfe, and the Allegan meteorite together suggest an interesting field 
of research. According to the 'Encyclopedia Britannica, probably about 
20,000,000 visible meteorites or shooting stars strike the earth each day, 
and if all those which the telescope would reveal are counted there would 
be-perhaps 20 times as many. Suppose each to contain one gram of matter 
of which 10 per cent was nickel. The surface of the earth is about 510,- 
000,000 square kilometers. Thus the average contribution each year to 
each square kilometer of the earth's surface would be about 28.6 grams, 
so that if one millimeter in thickness of a certain stratum was formed each 
year and received an average share of meteoric dust, a square kilometer 
in area, 1,000 cubic meters in bulk, would contain 28.6 grams. 

If the stratum had, for instance, the specific gravity of 2.86, which 
is nearly that of many limestones, the bulk in question would weigh 
2860 metric tons, and the percentage of nickel contained would be one- 
millionth of one per cent.- If, therefore, methods of chemical analysis 
were refined enough to enable us to determine such small amounts of 
nickel or any other element characteristic of the meteorites, we could get 
a notion of the rapidity with which any bed was formed, or if we should 
test a sample representing the average of the Devonian strata, which our 
well samples would readily give us, we could find their mean rate of 
deposition, and from that infer the duration of the Devonian period. lit 
fact, we have material enough pretty well to infer by the same way the 
duration from the end of the Potsdam to the beginning of the proper coai 
measures. Even now we can see that anv estimate which would allow 
thousands of millions of years for the accumulation of the 6,000 feet or so 
of strata which represent the interval in question, is likely to be extrav- 
agant, for it would mean an average meteoric constituent of .01 per cent 
or more. 

Chemical methods for the determination of nickel are, however, not yet 
delicate enough to apply this test. 

» Proc. Washington Acad, of Sciences, Vol. II, pp. 41-68 : Am. J. S., Dec. 1899. 

» If the ratio of the number of meteorites falling annually be n, average percentage of any 
element p, thickness of stratum formed per annum t, and specific weight of the same s, 
to the numbers we have supposed, then the per cent of nickel In the stratum would be 
nwp~8t 1,000,000. 



GEOTHERMAL GRADIENT. 

During the year my assistance has been sought by Prof. \Vm. Everett/ 
secretary of the committee of the British Association for the Advance- 
ment of Science, for the study of underground temperatures. 

The rate of increase in the temperature of the rocks as we go down, 
which is known as the geothermal gradient, is a matter of keen scientific 
interest, since we can gain from it some idea how long the earth has been 
cooling.^ It is of especial interest in this Btate, because it has been 
reported to be uniquely low in our deepest mines, which are now not far 
from a mile beneath the surface. The increase is so great, nevertheless, 
that it is a practical question just how soon it will be a serious hindrance 
to mining.' I am inclined to believe, moreover, that when we have more 
facts to base our conclusions on, we shall be able to trace irregularities 
and find the thermometer quite useful in detecting leaky casings, locating 
the depth of the sources of flows, waters', etc. In fact, I have already* 
received help from the thermometer along these lines. Finally, we may 
possibly get light upon the movements of underground waters w^hich, 
according to Prof. Van Hise, are the great conveyors and concentrators 
of mineral deposits. 

In 1886 Prof. H. A. Wheeler published in the American Journal of 
Science'^ an article in which he called attention to the low rate of increase 
of temperature in the copper mines of Keweenaw Point, and attributed the 
same to the cooling effect of Lake Superior on the flanks. His observations 
are summarized in the following table: 



Mine name. 



Atlantic 

Central 

Conglomerate 

Osceola 

Tamarack. — 
Quincy 



Gradient. 


Depth. 

* 


Distance 
between 
stations. 


Highest 
tempera- 
ture. 

51.6 


99.6 


907 


798 


101 


1960 


1860 


61 


96 


617 


627 


48.3 


76.5 


996 


860 


54.5 


110.7 


2240 


2104 


62. 


122 


1981 


1820 


58.5 



Character of lode. 

Melaphyre. 

Fissure vein. 

Quartz p'y^ Conglom. 

Melaphyre. 

Quartz p*y, Conglom. 

Melaphyre. 



From his table we find the lowest temperatures he noted in the various 
mines must be« close to 43° (43.3° F. at 112 feet or less). Prof. Wheeler 

^ See reports of this committee in the Annual Proceedings, especially for 1882 and' 1901. 
Also the Geological Magazine for December, 1901. 

* Under certain suppositions, Sir W. Thomson (Lord Kelvin) estimates from 100,000,000 to 
400.000,000 years. 

* See my paper In Mineral Industry, 1895. Vol. IV, p. 707, 

* And Mr. R. E. Bacon of the air lift also uses It right along. 

■Vol. 32, Art. 13, pp. 125 to 137, Temperature Observations on Lake Superior Mines: also 
Trans. St. Louis Acad. Scl. 

•43.6" at 111; 42.0" at 90, 42.8'» ot 90, 42.3** at 136, 43" at 136, ond 43' ot 111 feet 
respectively. 



\ 
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thinks that the Tamarack observations especially may be affected by the 
ventilation of the mine. 

By meteorological observations the mean air temperature of Keweenaw 
Point is not far from 40 degrees.^ Thus a mean surface-soil temperature 
is indicated some 4 degrees above the air temperature. The British Asso- 
ciation report that the soil temperature for the year is usually above 
that of the air from 14 to 2 degrees,* and that this is mainly due to the 
blanketing effect of the snow. We refer to this point again below. 
Wheeler's results, therefore, agree well enough with what might be 
expected, for Keweenaw Point has a very heavy burden of winter snow 
and often the ground does not freeze all winter. Furthermore, I took 
the occasion of a visit to the newly opened Champion copper mine, July 
24, 1901, to make some tests of temperatures, through the courtesy, and 
with* the help, of my predecessor. Dr. L. L. Hubbard, the manager, to 
obtain some light on the upper temperatures. The mine is recently opened. 
In the north end of the third level of B shaft, 378 feet below the surface, 
where there was no working or drift, the temperature at the top was 
about 49° F., of the air 47° F., in the moist rubbish at the bottom of the 
level 46° F. In the second level north, 250 feet down, the thermometer 
left in a short hole 20 minutes or more stood at 45° F. 

In the first level 130 feet down in similar circumstances it stood 
at about 44i/^ degrees. 

The observ^ation at the bottom of the mine agrees in its rate of increase 
with Wheeler's. The others are perhaps warmed by air convection in the 
mine, but agree in pointing to a mean soil temperature of 43 to 44 degrees. 

Some years ago (in 1893-4) the Centennial mine drove a cross-cut from 
the foot of a shaft which they had sunk between 3100 and 3200 feet on 
the Calumet conglomerate, over to what was supposed to be the Osceola 
amygdaloid. The temperature at the foot of the shaft was 62 and at the 
end of the long cross-cut about 19 feet below the surface, 69. It was 
said to have been 72 degi'ees the previous summer. There was a fair 
ventilation furnished by the air drill, but the temperatures are not out of 
harmony with those of Wheeler for a similar depth. 

In 1895 A. Agassiz, president of the Calumet & Hecla Mining Company, 
published in the American Journal of Science" some figures for that mine, 
to wit, 59° F. at 105 feet and 79° F. at 4580 feet, the air temperature at 
the bottom of the shaft being 72° F. 

It is clear, however, that the upper temperature is abnormally high, 
probably from the effect of the mine circulation during a long term of 
years, while the lower temperature is perhaps a little low from the same 
cause. The balance oi Agassiz's observations have never been published, 
though if they could be carefully studied with due regard to the various 
factors they would be of much interest. 

That this gradient is not something very local and peculiar to Kewee- 
naw Point may be inferred from a few observations in the iron country. 
On July 19 last, with Mr. Andr^ Formis, one of the engineers, I went to 
the bottom of the Lake Superior hard ore mine at Ishpeming. The bottom 
of this mine at the 19th level is 900 feet vertically from the surface. It is 



*38.6° F. at Calumet. 

« 1882, p. 72. At the Kew Botanic Garden, 0.4 degrees F. Over the St. Qothard tunnel 
from 2 to 3" C. to 5 to 6', I. e., from 4 to 10* F., here being more snow. 
• 1895, Vol. U p. 503. 
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barely opened up down there and the skip goes only to the 14th level. It is 
connected with but one shaft. The water in the floor of the drift was at 
49^ F. , and a little spring in a crevice on the east side of the shaft at 
48.5°. The air was at 50°/® and a thermometer left in a diamond drill 
hole five feet in for 20 minutes registered the same depth. 

In the Vulcan mine at Menominee I found^^ 56° at 1210 feet; the 
mean annual air temperature ought to be about 40° F., but Per 
Larrson found that a h^avy flow at 80 to 90 feet had a temperature of 44 
degrees. In the same paper I quoted the temperature of the North Tam- 
arack at 4400 feet as 84 degrees F. according to R. M. Edwards. Captain 
J. Hall, the mining inspector, in his annual report for 1901 says that 
the rock temperature at the bottom of the Tamarack No. 5, and at the 
Red Jacket shaft of the Calumet & Hecla, at 4900 and 4935 feet, is 87 
degrees. I believe that Mr. W. E. Parnell has stated that at a depth of 
4662 feet a thermometer placed against the rock and covered with cotton 
batting registered 82 degrees. 

Considering that the tendency must be to get the lower observations not 
high enough and the observations in the upper levels at low temperatures 
if anything too high, we may say that a line, which gives values for 
the upper levels as low as any, and for deeper levels as high as any, 
must be near the truth. It implies a gradient of 1 degree F. in 107 feet. 
It is a pity that a careful and expert physicist like Prof. Hallock of 
Columbia University, who has done special work in this line, should not 
have been allowed to make accurate tests. 

I find it diflBcult to get thermometers thoroughly reliable, even to a 
large fraction of a degree, for this work. 

It will be noticed that such a gradient line points to an average soil 
temperature at the surface of about 42i/^° F., i. e., about 4° F. above 
that of the air temperature of Calumet. This is probably not wholly 
because mine ventilation has made the deep observations too low and the 
shallow ones too high, though that is the kind of effect it would produce, 
but observations of temperature close to the surface of the soil show that 
it differs materially, even in the average, from the air temperature, and 
gives us not merely a starting point from which to measure the rate of 
increase downward, but a measurement of the mean blanketing effect of 
snow, and of the physical condition of the soil, its diffusivity for heat, 
mean wetness, etc., for the former is very dependent on the latter. 

Generally speaJking, the denser matter is, the better does it diffuse heat. 
Air is a poorer conductor than water, and water diffuses heat (except by 
convection) less rapidly than rock. Accordingly^ a porous, dry soil is 
a warm soil, i. e., loses heat more slowly than a damp, heavy soil.^^ 



^^ In a downcast shaft at the 14th level It was %S'. 

"Am. Journal of Science, Vol. IX, June, 1900. p. 435. 

^2 Hugh L. Callendar and C. H. McLeod of the McDonald chair of physics in the University 
of Montreal have recently published in the Transactions of the Royal Society of Canada, Sec- 
tion III, Second Series, 1895-6, Vol. I, pp. 1-19, and 1896-7, pp. 109-116. experiments that 
show not only this blanketing effect of snow, but also that the effect of sunshine can be 
most effectively studied. 

For instance, the mean annual temperature of the soil within two feet of the surface of 
the ground was 47 degrees when the mean annual temperature of the air at Montreal was 
42.63 degrees F., — over four degrees higher. (Quite comparable to Keweenaw Point obser- 
vations.) "It is not improbable that this dilTerence may afford a convenient measure of the 
protective influence of the snow and will be found to differ materially in different years." 

The maximum heat at the surface occurs in Montreal In June and July. It is coldest in 
December, but remains cold and the underground temperatures near 32 degrees until April. 

At the depth of 9 feet the cumulative elTect of the long winter cold did not come until the 
first of May, and that of the summer heat until the middle of October. 
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In Angstrooms' experiments from 1838 to 1844 at Upsala, the lowest 
temperature at two feet depth was March 2 to 11 (.075), and the highest 
July 11 to 20 (16.20° C.) and Aug. 11 to 20 (16.21° C), while at 10 feet 
depth the lowest was the last of April (3.89° C), and the maximum the 
last w%ek of September (10.22° C). 

The mean air temperature for 8 years was 4.826 degrees C, and that of 
the soil 6.814 degrees C. At Stockholm we have for 1833-4, 6.637 degrees 
C. and 6.992 degrees C. ; for 1842-49, 7.994 degrees C. and 8.61 degrees C. 
respectively, showing how much they vary according to the local climate. 

Observations of underground temperatures at Grayling and at the 
Agricultural College have been published, but not for the winter months, 
and therefore give us no data as to the blanketing effect of the snow, 
though they may be made to let us know the thermal capacity of the soils.^* 
It would be interesting to compare the upper and lower peninsulas in this 
respect, for the latter has much less snow. 

The same variation in diffusivity also exists among rocks, and the fol- 
lowing tables, compiled mainly from the report of the British committee 
aforesaid, are arranged to bring that out, and also the obvious fact that 
generally the lighter and more porous the rock the poorer conductor it is. 

DiiTasivitiefl. 

Quartz 0086 

Sandstone 006 Conduct* 8 per cent better wet. 

FUntones 0046 

Sand dry 0009 Kew experimental garden. 

Wet 007 *• " " 

BIay23— JuneO 006 Callendar and McLeod, (from .0379 

to .0015). 

Ave 0036 Callendar and McLeod. * 

00872 Forbes and Thompson. 

Sandy loam 0064 1889 Report Brit. Asso. 

Slate 004 

Clay slate 0027 

Clay 0025 • 

Shale 0019 

Knoxville pink marble 00767 B. O. Peirce. 

Vermont white 00681 Fine grained. 

Carrara 0050 

Limestone. 0062 

Granite 0063 

Flint glass 00260 B. O. Felrce. 

00277 " •* 

Crown glass 00246 Oddone. 

00243 Leese. 

Pumice 0006 

Scfaemnitz hornblende andesite 0029 

Trachyte 001 Ayrton & Perry Brit. Ency. 

Trap 0O78 

007 Brit. Ency., 

Serpentine 0044 

Ro<dcsalti4 0113 

Copper 1-077 Brit. Ency. 

Water > 0022 " 

Air" 0016 " " 

Wood 0013 »* " 

From these tables we may infer that other things being equal, rocks 
containing much copper will have a high diffusivity and a small gradient, 
and that there will in general be no marked difference between sandstone, 
limestone, and our Lake Superior traps and granites. But surface 

" Reports State Board of Agriculture, 1888, p. 187 : 1889, pp. 85 to 101 ; 1890, pp. 143 to 
152 ; 1891, pp. 92 to 97. 
^^This seems rather high. Has not the diathermic effect of radiant heat been combined? 
" Air is a poorer conductor than water, when not allowed to circulate. See pumice and wood. 
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materials, whether sand, gravel or clay, and shales will have a much less 
diffusivity and the temperature will rise more rapidly. Circulation of 
water in a hole will tend to make the gradient appear too low, and the 
circulation of water downward at the sides of a synclinal basin would 
make a low gradient, while at the center where there was upward pressure 
the reverse would be the case. 

It will be very interesting to compare the results we have found in 
mines with those in deep wells. There is one such at Lake Linden all the 
w^ay in red sandstone, which flowed, and another was recently put down 
at Grand Marais, which did not flow. Observations should be made in 
these wells. 

There are also some deep artesian wells, which flow along the shore of 
Lake Michigan, the data concerning which are not very satisfactory. 
Back of the S. M. Stephenson house at Menominee is a well over 500 feet 
and less than 1000 feet deep, probably about 800 feet, which is flowing 
with 15 feet head and a temperature of 55^ degrees F. Probably much 
of the way it is through Trenton and calciferous dolomite. The mean soil 
temperature ought to be 2 degrees warmer than on Keweenaw Point, — 
say 45 degrees, and the mean gradient 1 degree in 80 feet. 

At St Ignace a deep well was put down by A. W. Palmer 1155 feet. 
The record already given may be summarized as follows : 

Dolomites and gypsum 174 . 174 

Red and blue shales and gypsum 226 400 

Dolomites (often very light colored, of the 
Kiagara formation, with abundant water 
from 575 to 681 feet, and more at 1040 
feet) 755 1155 

The temperature of the flow was 51° F. This is about 2 degrees less 
than at Cheboygan and Alpena at that depth. 

Not far off, at Cheboygan, we have much fuller information. I attempted 
to get more data at St. Ignace, but the thermometer broke. At Cheboy- 
gan the water works are supplied by a well 408^® feet deep. It would flow 
naturally, but the yield is increased bv an air lift, and the temperature is 
51.8°." 

Another old well near the McArthur's mill and the river, which is said 
to be 839^^ feet deep and cased to 70 feet but is loosely filled up, gave a flow 
temperature of 48.7° F. on March 10, 1901. 

There is another well about as deep (400 to 500 feet) as the water works 
well on the east side of the river near Nelson's mill. But the interesting 
well is the one put down recently over 2700 feet. I visited this March 11, 
1901. The well was then down 1380 feet and the temperature^® was 61.6 
degrees F. 

The mean annual temperature of Cheboygan according to the weather 
service is 41.6 degrees. At the conclusion I was not able to be present, • 
but a series of tests were made by Mr. F. P. Rust, the contractor, and I 



'• other reports say over 400 and 464 feet. 

" Green thermometer 7536. 

^* It is also said that it is 900 feet deep and over 200 feet to bed rock. 

>"By Green thermometer 7812 attached to the top of the baller» in a perforated brass case. 
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believe him to be intelligent and careful. The results'^ are: at 100 feet, 
53°; 400 feet, 51°; 700 feet, 51.5°; 1000 feet, 55°; 1300 feet, 60°; 1400 
feet, 60.4° ; 1700 feet, 63° ; 1800 feet, 64° ; 2000 feet, 65° ; 2300 feet, 68° ; 
2700 feet, 73°. They indicate plainly difficulty in reading fractions 
of a degree, but taken together with the temperature of the water at the 
water works from 400 feet and my own reading at 1360 feet, agree quite 
fairly in a low gradient from 400 feet down of more than 100^^ feet to a 
degree, and also a much higher gradient from the surface to bed rock, 
even supposing the mean soil temperature to be 4 degrees more than that of 
the air. Fissures and water were fairly often encountered. The rock 
was very largely dolomite. This gradient matches fairly that on Kewee- 
naw Point. 

Going down to the opposite end of the State at Britton to get a well 
through similar rocks, thermometers let down on the rope of a bailer to 
945 and 1617 feet read 59° and 53° F. respectively. There is a brine 
at the bottom of the well, not so strong probably as a little that is 
seeping higher up. But taking the average of these two observations 
(63.3) aj8 the temperature at the mean depth (1281 feet) we get a gradient, 
if the soil temperature is a little above that of the air temperature (48 
degrees) , about the same as at Cheboygan. 

The well of the Diamond Crystal Salt Company at St. Clair waa tested 
at 1635 feet and gave 71.2 degrees. Here, however, we have a new dis- 
turbing factor. Water has been pumped down for a good many years in 
this and adjacent wells to dissolve rock salt, though this well haa been 
idle for some months. Only 200 feet away the tools were in a well which 
was being fixed. Near by the Salutaris well is said to have flowed at 92 
feet with a temperature of 51 degrees, and now, being pumped, stands at 
52 degrees, while the Oakland mineral well, 1200 feet deep or so, being 
pumped, is at a temperature of 69 degrees F. 

The old Wells boring at Port Huron, recorded in Vol. V but now stopped 
at 838 feet, was there at 57.5° F.; at 600 feet, 55.3° F.; at 300 feet, 54.2° 
F. (?) 

The mean air tem|)erature of the neighborhood is about 46 degrees, and 
it is clear that for the first two or three hundred feet or so there is a very 
rapid rise of temperature, or the soil temperature is a good deal higher. 
Even thereafter the gradient must be greater, perhaps about 1 degree F. 
in 65 feet. There is more shale and gypsum in these wells than in the 
•previous ones, and the record is perhaps comparable with the lower part 
of that at Bay City. 

This I have already mentioned and the record is elsewhere given.^^ The 
East Saginaw first well flowed with a temperature of 47° F. at 102 feet, 
50° at 293 feet, 51° at 531 feet, and 54° at 617 feet. The air temperature 
is 45.4°.^^ Hahn also gives the mean temperature of the brines as 60.4° F. 

**By Green thermometer 9114. Mr. Rust followed detailed Instructions from me, and 
noticing the Irregular character of the first three observations repeated them to see If any 
error could be detected, but could not find any. He also writes: "Please note the temper- 
ature at 100 feet Is 2 degrees warmer than at 400 feet and V^ degree warmer than at 700 
feet. . This seemed a little strange to me, so when we had gotten all through I went over the 
first three tests again, but was unable to find the error.*' Previous to his test of the temper- 
atures, however, he had plugged the well at 1600 feet and had been testing a brine at 1400 
feet, and no doubt convection currents have upset these somewhat. There were casings down 
050 feet and lOSO feet at the time. 

« From 1400 to 2700 feet, 1 degree in 10.3 feet ; from 400 to 1360 feet. 1 degree to 102 feet ; 
from 400 to 2700 feet. 1 degree in 104 or 108 feet, while between the temperature at 400 feet 
and that of the air there is a drop of 10 degrees. 

^Am. J. S., Vol. IX, p. 434. 

»Hahn, p. 305, Berg. Hutt. Zeitung, 1867. 

82 
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from a depth of from 600 to 880 feet, probably mainly below 760 feet. 
Then we have Davis's observations in the Bay City well, to wit : 

At 3455 feet, 97° F., thermometer No. 5688 exposed 8 hours. 

At 2934 feet, 90.1 and 90.2° F., thermometer Nos. 5688 and 5690 
respectively exposed 1 hour. 

At 1793 feet, 77° F., thermometer Nos. 5688 and 5690 exposed 30 
minutes. 

At 1793 feet, 71° F., thermometer No. 4708 exposed 50 minutes. 

At 1304 feet, 65° F., thermometer No. 4708 exposed 1 hour. 

It is pretty plain that in the Saginaw valley the snow blanketing is not 
marked. The mean gradient of 1 degree in 67.07 feet agrees so nearly 
with intermediate observations that the departures from it may be 
assigned to insufficient exposure and difference in thermometers, though 
I am tempted to assign the decrease in gradient at the end down to 1 
degree in 75 feet to the fact that we are getting into the same beds that 
gave the low gradients at Cheboygan and Britton. Still it may perhaps 
be laid to aqueous circulation. 

I have in times past doubted the high temperature given for the bottom 
of the Alma well, 98 degrees at 2803 feet, but I have more faith in it for 
various reasons now: 

The blanketing effect is well marked at Alma. With a mean annual 
air temperature of 45 degrees, shallow flowing wells from 30 to 80 feet 
deep vary little from 50 degrees temperature. 

Again, in spite of various difficulties, I managed to get a thermometer 
down to 900 feet and found the temperature 69.6 degrees. The well had 
not been pumped for some time, but has been pumped the past 13 years 
perhaps 50,000 gallons a year. 

Finally, some observations on the new Grayling well, which is similarly 
located and goes through similar strata, show a similar gradient, and 
allowing for an initial 3° difference, have a very similar temi)erature 
at the end. The Grayling observations are : 

On June 4, 93.8 degrees F. at 2376 feet 

On August 6, with No. 7815 : 

95.9° F. at 2600 feet, thermometer exposed 1 hour and 18 minutes. 
89° F. at 2150 feet, thermometer exposed 1 hour and 20 minutes. 
58.4° F. at 900 feet, thermometer exposed 2 hours and 30 minutes. 
51.8° F. at 500 feet, thermometer exposed 1 hour and 5 minutes. 

There was very little mercury forced through the neck of this thermome- 
ter at this last reading and the reading may be low. The water was about 
26 feet from the top. The gradients are : 

2600 to 2376 feet, 1 degree in 111.3 feet. 

2600 to 2150 feet, 1 degree in 65 feet. 

2376 to 900 feet, 1 degree in 59 feet. 

2150 to 900 feet, 1 degree in 40.8 feet. 
This very low gradient is probably all the way in fairly dry shale. 

900 to 500 feet, 1 degree in 60.5 feet. 
This is not reliable, as the 500 foot reading should, I think, be rejected. 

900 to feet, 1 degree in 60 feet. 

(Supposing the mean soil temperature to be 1.2° above that of the air.) 
There is here not so much sign of blanketing. It is obvious here that 
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except again in the very last part the gradient is even steeper than at 
Bay City or Alma, 

We have tested one other well that goes down mainly in surface deposits 
and shales, that at Muskegon. The mean air temperature is 46.8^ F. 
The flowing wells from 240 feet depth on are at 53° to 53.5° F. Ryer- 
son's well, plugged at 1200 feet but full of water, gave at 240 feet, 
53.2 degrees F. ; at 650 feet, 58.7 degrees F. ; at 1150 feet, 67.2 degrees F. 

The gradients through surface from a soil temperature assumed at 47.2 
degrees, sandstone, and shale, are respectively 1 degree in 40 feet, 1 degree 
in 74 feet, and 1 degree in 59 feet. There is some oil in the bottom. 

It certainly looks as though the facts could be accounted for by sup- 
posing a difference of air and soil temperature of 14 to 4 degrees according 
to location, a gradient in the surface deposits of 1 degree in 40 feet more 
or less, in shale of 1 degree in about 60 feet, in sandstone 1 degree in 60 
to 70 feet, and in limestone, trap, and the denser rocks of about 1 degree 
in 100 feet. This is not far from the ratios their diffusivities would lead 
us to expect. But we need more facts, and especially more accurate 
observations of gradients, of the effect of the mine ventilation, and records 
of soil temi)eratures continuous throughout the year. The effects of oil 
formation and salt solution may then be eliminated. 



MAMMOTH AND MASTODON. 

Remains of large animals of the elephant tribe have been known ever 
since the early dajs, and are referred to in the annual report for 1841,^ 
and in AVinchell'S report in 1850.* 

At the Agricultural College are six teeth and half the lower jaw of a 
mastodon, from Eau Claire, Berrien county, which may be the one referred 
to by Hubbard. 

It was found in digging a ditch and is well preserved. 

There are also remains from Lenawee county, and a lower tooth and 
part of a pelvis which were sent in in the spring, of 1900 from the Shiawas- 
see river, in Howell township, by Ulysses Hilleker. They were obtained 
in drf^ging out the river for a light steamer. 

During the paat year two instances have come under my personal 
observation of especial interest, because the animal proved to be the mam- 
moth, the rarer, it is supposed, of the two animals, mammoth and 
mastodon.^ 

Mr. E. R. Grinold of Grand Ledge noticed in ditching north of that 
town that they had cut through a tusk, and through Mr. C. V, Fuller my 
attention was called. I went down there and found the remains barely a 
foot from the surface in a little low swale which Mr. Frank Tabor, the 
owner, said was a duck pond 40 years ago, — in other words, a good place 
for a large, heavy animal to get mired. We exposed three teeth which 
were plainly those of a mammoth, and were lying just exposed. The teeth 
were, two of them 8 inches long, the third 6. The tusk had flattened into 
an ellipse about 9x5 inches near the butt, and 6 or 7 feet long. 

A second discovery was made about three feet underground in ditching 
close to the Pere Marquette shaft No. 2 in East Saginaw, by Wm. Leamon, 
who brought a tooth to Wm. Richter, the well-known taxidermist of Sagi- 
naw,* who identified it as that of a mammoth. It was about 25 feet 
above lake, 214 to 3 feet down, and in size 11x5 inches, and in pretty good 
condition, though the base was gone. 

Not far off in Tittabawassee township, I found pieces of a tusk among 
the farmers, said to have come from one cut in a ditch on Sec. 20 near the 
course of the Parker swamp drain about one-fourth mile north of the 
south line of the section. Mr. Richter also says that three feet of the end 
of the tusk, the lower jaw and ribs of a maatodon were found in a kind 
of quicksand six feet underground in digging a tile ditch on the Willis 
farm. 



^ Bela Hubbard's report ; mastodon In the western part of Macomb county, and on the 
Paw Paw river In Berrien county. 

' Page 132. Mastodon at Green Oak, Livingston county, and Plymouth, Wayne county. 
Mammoth in the northern part of Jackson county, and in Macomb. 

* For free pamphlet describing the difference, write F. A. Lucas, National Museum. 

♦Saginaw Courier-Herald, Oct. 31. 1901. 
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Other recent occurrences noted are: 

In a swamp in ditching Stafford's farm, Church*^ near Hillsdale, a large 
part of mastodon acquired by the National Museum. 

Olivet,® exhumed and acquired by the college, eight teeth and a large 
number of bones, the largest being 38 inches long and 25 inches around. 

Four miles west of Dorr^ by Frank Fleser and others, a jaw bone 8 
inches wide, 22 inches long, with several teeth, one being 7 inches from 
crown to root and 10 inches in circumference. 

Clinton, Lenawee county, by P. B. Gragg, "several teeth and bones." 

Mr. W. F. Cooper also found traces of one of these animals in Franken- 
lust. 

According to the notes of Mr. W. F. Cooper (1900, p. 16), a mastodon 
was found near the southwest comer of Sec. 3, Williams township, Bay 
county, about 621 A. T., and waa sent to Ypsilanti, including a fragment 
of a tusk, but little curved, 8 feet 9 inches long, a femur and thigh socket 
914 inches across, one vertebra 12 inches high from top to bottom, and 
one tooth. Found in a small, deep hole of mucky soil which had been a bog 
hole until drained. The skeleton was buried three feet below the surface, 
according to Mr. John C. Rowden, to whom the Survey is indebted for this 
information. 

Finally, relics of a mastodon and his meal have recently been found 
near Niles in the Bakertown marsh southwest of Buchanan, associated 
with marl, the shells of which have been described bv B. Walker.® 

Now that the presence of mammoth and mastodon in the State are well 
established, the point of interest to me in* these finds is to see how near to 
the present lake level, i. e., to how recent a date these animals survived. If 
these finds in Bay and Saginaw counties are of animals mired in place, — 
it is hardly likely that so many fragments would be found far from shore, 
and they seem to be in hollows and miry places, — then it is certain that 
the animals survived at least until the lakes were down to about 30 
feet of their present level in that region. This means probably not more 
than a very few thousand years ago, and of course possibly a much more 
recent date. 

* Saginaw Courier-Herald, June 9, 1901. 
•Sept. 29, 1900. 
■'July 5. 

•Nautilus, March. 1898. Vol. XI, p. 121: September, 1899, p. 55. Details have been kindly 
furnished by Wm. Hllles Smith. K. H. Crane of Kalamazoo has the bones. 



UPPER PENINSULA. 

In connection with limestones and prospects for gas and oil we have 
given some facts regarding the eastern end of the upper peninsula, a 
region that has been almost neglected since the publication of Vol. I. 

In the section in regard to temperatures we have given some points 
relative to underground temperatures in the iron and copper mines. 

Prof. C. R. Van Hise has published, in the last annual report of the 
United States Geological Survey (Twenty-first, Part III, p. 313), an 
admirably lucid summary of their investigations on the iron ranges. 
There is, however, as it seems, still room for work to be done in the iron 
country, and especially for the preparation of a 'map, on as large a scale 
as can be conveniently handled, to cover the whole upper peninsula and 
summarize and supplement the work of the United States Geological 
Survey, and more carefully adapt it to the section lines. 

There is yet other work. Outlines of the iron ranges not covered 
by their detailed maps should be worked up, and the lines of magnetic 
attraction, which are a key to the structure of the iron-bearing 
series, should be and can be followed under the surrounding mantle of 
sedimentaries. There are, however, two men so pre-eminently qualified 
for tliis work that it would be a pity to set anyone else at work so long as 
there is any chance that one of them may be had, — H. L. Smyth, in charge 
of the Mining Department of Harvard University, who has Superintended 
some important private geological surveys as well as been connected with 
the United States work, and A. E. Seaman, in charge of Geology in the 
College of Mines, who has studied these rocks in the field every summer 
for nearly fifteen years. 

Both of these men, however, deserve much better pay^ and receive it, for 
that class of work, than it is easy to provide from our appropriation with- 
out dropping practically everything else. An extra appropriation for 
iron country work, such as I suggested to the last legislature, of |4,784, 
might easily pay for itself in taxes in a few years, if thereby new mining 
districts were opened up. 

In the copper country. Dr. Hubbard and Mr. Savicki have continued to 
collect data. 

Two other matters of somewhat curious interest may be referred to here 
that those interested may not overlook them. 

Prof. G. A. Koenig of the College of Mines has continued his researches 
on the basic arsenides of copper, of which a series occur on Keweenaw 
Point, to wit: 



Cu 



Asi Keweenawite (+ 20 per cent Nl). 
1 Domeykite (-f Ni is Mohawkite). 
1 Ledouxite. 
1 

1 Algodonite. 
1 
I Whitneylte. 
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Papers will be found in the current American Journal of Science and 
Proceedings of the Lake Superior Mining Institute. 

The second point is the divergence of the plumb bobs in the Tamarack 
shaft. In planning connections of Tamarack shaft Ko. 5 with the rest 
of the mine plumb bobs were dropped down the shaft 4250 feet long and 
17.58 feet apart at the surface. They proved to be 17.65 feet apart at the 
bottom. They were composed of No. 24 piano wire sCad had 50-pound steel 
bobs at the end. ^ 

In No. 2 shaft the' experiment was repeated with lead bobs, and the 
divergence was from 12.6 to 12.7 feet.^ Some discussion has sprung up as 
to the cause, and President McNair of the College of Mines will undertake 
further experiments.^ 

The fact is that these deep shafts furnish the finest chance in the world 
for experiments in geophysics, and so far as the exigencies of mining 
permit they should be used. This is a work which we should either do or, 
better yet, cooperate with the College of Mines in doing. 

One subject, that of the extent to which the temperature of the sur- 
rounding rock may be affected by the ventilation of the mine, is a very 
important question, practically and scientifically, to solve which business 
and scientific men of various kinds should work hand in hand. 

^ See Portage Lake Mining Gazette, March 28, 1901, for description of shaft and section 
down to C. & H. conglomerate ; Oct. 8, description of effect. Letter of R. M. M., Oct. 13, Oct. 
15, Dec. 29 ; Prof. W. H. Hallock, Jan. 16 ; C. B., Oct. 16, etc., for explanations. 

' Pres. McNalr's results have been published while this report is going through the press. 
See the Portage Liake Mining Gazette for May 1, 1902. and Engineering and Mining Journal 
for April 26, 1902. The essential result is that ventilation currents are the dominant factor 
in the efPect observed. 



RELATIONS OF THE GEOLOGICAL SURVEY. 

AGRICULTURAL COLLEGE. 

The close relations into which I have been brought with the Agricultural 
College, to which I referred last year, have been continued and have been 
a source of dincere satisfaction. The work of the survey is such that 
questions continually arise which are fit subjects for advanced students 
to investigate and report on by thesis, such as the composition and 
character of coal, of water, the connection between botanical distribution 
and soils and we have been able to furnish advice and in some cases a 
moderate amount of financial assistance to such students. 

There is also a demand for chemical investigation of various raw 
materials and ores. It seems to me that when the results of the test will 
be mainly to the benefit of the land owner the one benefited should pay, 
but in other cases, as has been recognized in the question of public water 
supplies, the State has recognized the public interest in the matter. Many 
state geological surveys employ a chemist constantly but it has seemed 
to me wiser, in view of the fact that the State already supports five or 
more chemical laboratories, to save expense of equipment by asking their 
assistahce, under such conditions as may be found acceptable, and in this 
I have been met more than half way by Prof. F. S. Kedzie, and I have 
him most particularly to thank for much uncompensated work, in addi- 
tion to that for which we were able to pay. I have also to thank Dr. V. C. 
Vaughan and A. O. Campbell of the University, Dr. G. A. Koenig of the 
College of Mines and numerous private chemists, whose names will be 
found appended to the analyses they have contributed for additions to 
our knowledge of the chemical relations of our raw materials. 

While, however, a certain amount of a certain grade of chemical work 
can be done by students in the course of their studies, and in return for 
material supplied by the survey, and not a few questions received at the 
Agricultural College have been turned over to me to answer, it is only fair 
and proper that the survey should furnish adequate pay for accurate 
and elaborate analytic work, and there are a number of lines of investiga- 
tion for which I should be glad to have larger resources. 

A careful and systematic examination of our brines for the potash 
might be of great technical value for the State. A series of analyses to 
test Van Rise's theory of the origin of our ore deposits would be of 
scientific interest, and samples of clay, etc., continually come of interest 
enough to warrant more extensive investigation. Some of these investi- 
gations might be undertaken jointly. The search for nickel to which I 
have referred is rather a subject for thesis investigation. 

I have also Messrs. Beal, R. C. Kedzie, Barrows, Vedder, Wheeler, and 
I^ngj'ear to thank for scientific assistance. 
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My relations with the experiment station work have continued of a 
mutually helpful character. As it does not refer to my own work but 
that of Prof. W. H. Bheraer^ I beg leave to quote the following letter : 

Experiment Station, Agricultural College, Mich., December 7, 1901. 

My Dear Sir — It gives me great pleasure to report to you an Incident which casts a side 
light of value of your most excellent work to the practical, every-day Industries of Michigan. 
I was recently asked by certain parties interested in sugar factories and seeking new sites 
for factories, to make a survey of Monroe county and find its adaptability to this industry. 
On Inquiry I found the work of Prof. Sherser on the soils of that part of the State. With 
the map from his work in hand I began the survey. After working two days to verify his map. 
I found it so correct, even in minute detail, that I stopped my work at once and sent in his 
map as my report, giving, of course, proper credit to your office. That map was flnal author- 
ity in the hands of the syndicate. Later 1 have worked elsewhere In the State and have 
found that you have preceded me and done the work so well that I have simply referived the 
people interested to your investigations, and they have gladly accepted them. I con- 
gratulate you, therefore, in having been of signal benefit to our nascent agricultural Industry. 

Yours respectfully, 

C. D. SMITH, Director. 

COLLEGE OF MINES. 

I was very glad to let them have the services of our Mr. Cooper to collect 
samples of the materials of the Lower Peninsula, particularly those of 
economic value, for the collections which they are preparing to loan to 
the high schools, but they paid his salary and expenses when thus engaged. 
But now President McNair has suggested to me the possibility of co-opera- 
tion in the study of some of the deep shafts of the copper mines. These, 
unique in depth and in other respects, offer an opportunity for the study 
of the diffusion of the heat, electricity, magnetism and gravity of the 
earth which should not be neglected, in which study we ought to work 
hand in hand with the College of Mines, as the results would be a part of 
a geological survey of the State. The only question is how much can we 
do with our money and our other calls. 

Another point in our relations with the College of Mines is by no means 
so agreeable to take up. 

As you will remember, the building of the Geological Survey has stood 
for some eight years upon land belonging to the College of Mines, which 
they reserved the right to use if needful. I append the vote of the Board 
of Control of the College of Mines upon the subject which was accepted by 
your Board.^ I presume that it is true that at the time of the location 
none foresaw the rapid growth of the Mining School or supposed that the 
necessity of removal would be anything but a very remote contingency. 

After ^ome correspondence, which was laid before you, and informal 
conversation with the presidents of the Board of Control and the College, 
in July, 1901, I met with the Board. I found that they recognized the 

* On Monroe County, Vol. VII, Part I. • 

3 A meeting of the board of control of the Michigan Mining School, duly called, was held at 
the office of the chairman on the 6th day of October, 1S93. at 2 o'clock p. m. There were 
present : Jay A. Hubbell. chairman ; Alfred Kidder. P. C. F. West, T. B. Dunstan. 

The following resolution was offered and on motion was duly carried and adopted, viz. : 
That the Board of Geological Surrey for the State of Michigan be permitted to erect a 
suitable building on the east side of the Michigan Mining School property for the Geological 
Survey, on a piece of ground to be designated by the executire committee of the board of 
control, and to occupy the same free of rent for the purpose of carrying on said survey, but 
for no other purpose : said ground occupied by said building to be under the general manage- 
ment of the board of control of the Mining School. The board of control reserving the right 
if at any time the ground occupied by said building should in their judgment be needed for 
the use of the Mining School, to remove the structure to some other part of the grounds : 
the said Geological Survey to occupy said ground on which such building shall be erected as 
tenants at will of the board of control of the Michigan Mining School. 

83 
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embarrassing position in which we were placed, for we were only notified 
when it was too late to obtain anything from the I^egislature, as well 
as their obligations to provide for the removal and a new site for the 
Geological Survey building upon their grounds. But I found a consider- 
able difference of opinion as to where that site should be, and I saw that 
not only would the site be neither so convenient nor so dignified as the 
present but it would not be permanent. The new building for the College 
of Mines might mean a new move and it was a question whether your 
Board could compel the Board of Control to pay the expenses of moving 
each time. There was at least a chance of legal controversy, the expenses 
of both sides of which, as well as of the removal, would in any case fall 
upon the taxpayers of the State. Of course, too, every remove meant a 
certain amount of damage to Survey property and ^interruption of the 
scientific work of the Survey. Mr. Savicki has done' little but look after 
things for the past few months. 

I therefore proposed to the Board of Control that if they would find the 
balance I would, personally, subscribe $100 for a lot of land upon the 
slope over against the grounds of the College, upon which to place the 
building where it might permanently rest. In this they met me more than 
half way leaving me but f 75 to pay. Besides the members of the Board 
of Control, President McNair and Mr. Charlton, the architect, con- 
tributed and a lot was obtained, which was marked on the plat at 
$350, through the good offices of H. S. Goodell for |250. The removal 
has, I regret to say, dragged out so that even today the building is not 
completely on its new foundations, and it will be impossible to give 
the data regarding publications issued and received which have annually 
been included in this report I shall try to supply the omission next year. 
It would be a very wise thing, in view of the ever accumulating mass of 
valuable material, to veneer the building with brick, now that it is no 
longer so isolated, and at the same time provide for enlargement. 

The organizers of the Geological Survey expressed their sense of the 
close relation in which it stood to the educational interests of the State by 
making the Superintendent of Public Instruction a member of the Board. 
The work should stand in close relation with the colleges as well as to the 
business interests of the State. In regard to its relation to the secondary 
schools, you have instrjicted me to furnish the reports gratis to teachers, 
and a good proportion have gone that way. The demand for Prof. 
Sherzer's report on Monroe county has been especially lively. 

In regard to the question sometimes agitated as to the introduction of 
geology into the high schools, my opinion is strongly against any teaching 
of geology as such by itself, and a "fourteen weeks course in geology" is 
more of a burden than a benefit. Geology, as the life history of the earth 
as a whole, presumes an acquaintance with most other sciences, and if 
introduced too early can only lead to half grounded knowledge. But 
there are several other matters of study often n^lected unless introduced 
under geology, which might and should receive greater attention. Miner- 
alogy, including a recognition by sight or simple tests of the commoner 
minerals and rocks, exercises the same powers of observation and discrim- 
ination as botany, leads also to open air excursions, and gives a freer vent 
to that instinct for collecting, which finds much less scientific bent in 
stamp collecting. It is quite as practical as botany on the whole, and 
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Prof. Gregory of our force, who is also superintendent of schools at East 
Tawas, has found it is much more attractive to boys. One of the great 
problems in high schools is to keep the boys in school as long as their 
sisters. It is not normal nor desirable that the women should be better 
educated than the men. It is a matter of experience that mineralogy 
appeals to boys as botany does n6t. It seems to me that in our county 
reports or in special bulletins we should assist the local teachers in the 
local mineralogy. The collections made for them by the College of Mines 
to which I have referred will be of interest in this matter. 

Another subject where the Survey can help the local teacher and should 
do still more in the future, is in the study of geography, especially physical 
geography. Between geography properly taught and geology there can be 
no sharp line. Both should be taught by beginning with facts of common 
experience to the school. That is to say, the scholars should begin with 
the map, the raw materials, the river, lakes and physical geography of 
their own neighborhood. In this study our county reports can be of 
material assistance, and such men as Messrs. Davis, Sherzer, Gordon, and 
Gregory, experienced and successful teachers, should be employed in 
teachers' institutes to inform others in the art which they have learned 
of making real and interesting the study of geography by the use of local 
facts. 



OTHER SOCIETIES. 



I have tried to keep the Michigan Academy of Science, the Michigan 
Engineering Society,^ and the Lake Superior Mining Institute informed 
and interested in our work, as their membership forms the constituency 
who will most naturally appreciate our work, and brief papers have been 
presented before these bodies. 

A scientific subject of most practical bearing is that of forestry. Not 
merely the question of keeping up a supply of lumber for those industries 
which are so weighty a part of the business life of the State is concerned. 
Room for the manly sport of hunting and fishing, and the preservation of 
pure sources of civic water supply and of constant water power are also 
concerned, and perhaps the whole question of climate as well. And in 
planning forest reserves it is essential that such geological studies as 
Livingston's and McLouth's, Taylor's and Leverett's, here presented 
should precede, in order to have intelligent action. The Geological Survey 
should co-operate and I personally made one trip about Roscommon with 
the State Land Commissioner and other interested parties and have 
always tried to give him prompt information. But the amount of work 
which ought to be done soon is far beyond our present means to co-operate. 
I would however earnestly recommend that no land belonging to the 
State either directly or to any one of its great schools be sold until 
it has been carefully examined, with due regard not merely to the surface 
but also to the depth of that surface and the general structure and water 
supply, and availability for farming or other uses. 

* Which body passed a vote of thanks for what you have done toward topographic survey. 
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MIXEttAL BTATI8TICS. 

I am still bothered more or less with applications for the report of the 
Commissioner of Mineral Statistics, the publication and distribution of 
which is about as unsatisfactory as it can be. It is curious with what 
unanimity people who are qualified to speak, condemn the present system, 
which still goes on apparently by sheer inertia. Whatever else is or is not 
done the publication and distribution of the reports should be in the 
hands of a permanent bureau with a fixed office. Hon. C. D. Lawton, State 
Regent, and the one who was the longest commissioner, the other commis- 
sioners, Pres. F. W. McNair, Hon. Chase S. Osborn and other similar men 
are on record, and I still believe that so far as statistics are concerned 
they could perfectly well be collected by the mining companies or county 
mine inspectors reporting to the Commissioner of Labor, who even now 
receives the report of the coal mine inspector. 

La»t May I received unsolicited from the gentleman, Mr. H. J. Stevens, 
to whom was sublet the job of preparing the last two reports, a telegram, 
collect, advising me to buy Mohawk for a 20 point rise. 

Beyond laying the telegram before your Board I paid no further atten- 
tion to the matter. In this case virtue was its own reward. A large 
number of others received a similar telegram at the same time, and if they 
bought their books probably still show a loss. I do not mean to say 
that Mohawk is not a very promising mine. But I quite agree with the 
recent Commissioner of Mineral Statistics, Mr. James Bussell, that the 
report might well be left to private enterprise, if it is to be matter mainly 
for the speculator and stock broker. 

It may be questioned whether the business of compiling the mineral 
statistics of the State should be confided^ to any one whose principal 
occupation at the same time is journalism. A journalistic training may 
be very well for one to have had, but the combination at the time may 
easily lead on one hand to a loss of the scientific impartiality and accuracy 
proper to a State publication, or on the other hand may lead to undue 
weight being given to journalistic words and writings because of the 
position of the writer as State official. 

U. S. GKOLOGICAL SURVEY. 

The relations between the I'. S. and the State Survey have been as 
cordial and mutually helpful as heretofore. I have prepared a brief 
report, on coal,- the expense of which the U. S. Survey bore, and have 
acted as their agent in collecting well data. Mr. Robert E. Horton and 
I liave l)een in consultation in collecting data regarding the water power 
of the State, and we have assisted in the distribution of enquiries regard- 
ing water power, wells, etc. Mr. Frank Leverett of the I". S. Survey 
has been almost constantly employed upon the surface geology of the 
State, and has been assisted by Mr. Xellist. Mr. Gregory and others of 
our staff as well as myself. His work in Alcona county for which the 
county has paid I have referred to elsewliei'e. 

The necessary removal of our building in Houghton and the upset of any 
plans for field-work in the T'i)|>er Peninsula rendered available a sum of 

* Ah It has been for the pa«t eight 3'ears. 

= Twenty -second annual Report, Tart III, pp. 313 to 331. 
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money, which with your perniiBsion I employed in preparing, in accord- 
ance with a long cherished plan, a sample sheet of a topographic map such 
as the U. S. is prepared to execute in co-operation with the State. The 
advantages of such a map have been repeatedly urged,^ and it seemed 
to me that by thus preparing a sample sheet where it would be of use to the 
great number of students at the University and Normal College, the 
growth of a general public sentiment which would appreciate such maps 
would be helped. It is obvious also that for all our geologic work, 
mapping soils, forests, rocks, borings, etc., a good topographic map is a 
prerequisite to accurate work and that if we can get the U. 8. Survey to 
bear half of the expense of the same we are so much ahead. 

Accordingly the subjoined contract with the U. S. Geological Survey 
was prepared- under the provisions of which the following work has been 
done and expenses incurred. 

United States Geological Survey, Washington, D. C, December 31, 1001. 

Dear Sir — Referring to my formal agreement with you for the execution of a co-operative 
topographic survey of a district in the vicinity of Ann Arbor, Michigan, by the terms of 
which agreement you contributed $2,000, provided that this Survey would expend an equal 
amount upon the same work, I have to make the following report : 

Immediately following the signing of the agreement Mr. John H. Renshawe, geographer. 
In charge of the central section of topography, was authorized to begin the preparation of 
plans for field work. Mr. George T. Hawkins, topographer, began work on the horizontal 
control for the district on August 21 and continued until September 3, during which time 
he ran 116 mlPes of primary traverse, starting at the trlangulatlon station of the U. S. Lake 
Survey at Tecumseh, tying with the astronomic, position at Ann Arbor, thence to Detroit, 
where he connected with the primary, position of the U. S. Lake Survey. 

Mr. Robert Muldrow, topographer, w^s placed In charge of the topographic field work, which 
was commenced September 2 and was prosecuted without interruption until the end of 
November, during which time 202 miles of primary spirits levels were run, based upon the 
precise datum established by the U. 8. Coast and Geodetic Survey at Gibraltar, and 110 
square miles of topography were completed on a scale of 1 mile to the inch, with a contour 
interval of 20 feet. The topographic work completed lies in Tps. 1 to 3 S. inclusive, R. 6 E. 
The field work was necessarily slow on account of the complicated glacial forms in the 
vicinity of Ann Arbor. 

From your contribution there has been expended In field work, as shown by the vouchers 
which have been sent you, $1,012.65, against which this Survey has expended from its own 
funds for the permanent salaries of Messrs. Hawkins and Muldrow, and for traveling expenses 
to and from the field, the amount of $601.41. 

Field work will be resumed as soon as the weather will permit in the early spring, when 
the balance of your contribution will be expended and the work continued until the district 
Is completed. It is expected that the work will be finished in the early fall and that the sheet 
will be published about a year from this time. 

Very respectfully, 

H. C. RIZER, Acting Director. 



^ By the Michigan Academy, Engineering Society, Prof. Russell, and others : 

Senate of the United States,' 

Committee on the District of Columbia, 

Washington, D. C, February 18, 1001. 

My Dear Sir — I have your letter of February 11, In regard to a topographic survey of the 
State of Michigan, the expense to be met partly by the State and the work to be done by the 
United States Geological Survey. As you surmise, I am familiar with the topographic maps 
issued according to such arrangements. They are valuable beyond any price that can l>e 
put upon them, and the State of Michigan more than almost any other state needs Just such 
a map. The provision that the United States shall share in this expense is an unusually 
liberal one on the part of the general government, and in my Judgment there should be no 
hesitation on the part of the State of Michigan to take advantage of it. 

Yours very truly, 

JAMES M. MCMILLAN. 

Prof. Alfred C. Lane, State Geologist, Lansing, Mich. 

* Agreement between the State Geologist and the director of the United States Geological 
Survey for the execution of a co-operative topographic survey of one thirty-minute quad- 
rangle in the State of Michigan : 

1. The preparation of the map shall be under the supervision of the director of the United 
States Geological Survey, who shall determine the methods of survey and map construction. 

2. The quadrangle to be surveyed under this agreement shall be that between latitude 40** 
and latitude 40°30' and longitude 83^30' and longitude 84". 

3. The work shall be based upon the trlangulatlon of the United States Lake Survey, and 
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A very detailed map of the immediate neighborhood of Ann Arbor, 
may be issued separately. 

In regard to the deep seated rocks, the same arrangement by which 
we have confined ourselves to the copper bearing rocks, and the workers 
under Van Hise to the iron bearing rocks has been continued. But as the 
U. S. Survey has nearly completed its work on the iron bearing rocks we 
ought to begin work on that district again. C. R. Van Hise in charge has 
just issued, as I have mentioned, an admirably clear resume of his results 
and his theory of the origin of the iron ore deposits. The terms upon which 
the publications of the Survey are to be obtained vary, and enquiry should 
be made of the director of the U. S. Geological Survey at Washington, 
D. C. 

In regard to the paleontological work, I trust that arrangements may 
be made so that for detailed correlation and study of parallel forms we 
may have the assistance of the U. S. Survey, so that descriptions of new 
species, and comparisons with fossils of other states and such matter of 
interest to science generally, may be given their wide circulation, and that 
type specimens may be on deposit in the National Museum, while we may 
have abundant duplicates for local use and distribution, and illustrations, 
and stratigraphic and other matter, peculiarly of State interest may also 
appear in our reports. 

wherever such primary control is deficient it shall be supplemented by the Co-operative 
Topographic Survey. 

4. The survey shall be executed In a manner sufficiently elaborate to prepare a map upon 
a scale of 1 :125.000, exhibiting the hydrography including the courses of the principal drains, 
hypsography and public culture Including the location of farm houses and roads, and all 
town and county boundary lines and township and sections of land survey lines, as marked 
upon the ground at the time of its completion, in form similar to the sheets already com- 
pleted in other states. The preliminary field maps shall be on such scale as the director of 
the United States Geological Survey may select to secure accuracy in the construction of the 
final map. 

5. The hypsography shall be shown by contour lines w^ith vertical intervals of 20 feet. 

G. The heights of important points shall be determined and at least one permanent bench 
mark established in each township or equivalent area and a list of elevations and descriptions 
of them furnished to the Board of Geological Survey. 

7. The outlines of wooded areas «hall be represented upon proofs of the engrayed map to 
be furnished the Board of Geological Survey. 

8. For convenience the United States Geological Survey shall, during the progress of the 
field work, pay the salaries of the permanent employes engaged thereon, while the traveling, 
subsistence and field expenses shall be paid for- the same time by the State. For office work 
on the map the salaries shall be divided between the two agreeing parties In such a way as to 
equalize all expenses, provided that the total cost to the State olf Michigan of the field and 
office work shall not be more than two thousand dollars ($2,000). except as may be hereafter 
agreed, and provided that the United States , Geological Survey shall expend an equal amount 
upon the same work. ' • 

9. During the progress of the work free access to the field sheets and records of the topo- 
graphers and draughtsmen shall be afforded the State Geologist or his representative for 
examination and criticism : and should the said State Geologist deem that the work is not 
being executed in a satisfactory manner, then he may, on formal notice, terminate this 
agreement. 

10. The resulting map shall recognize the co-operation of the State Board of Geological 
Survey of Michigan. 

11. When the work is completed, the Board of Geological Survey of the State of Mich- 
igan shall be furnished by the United States Geological Survey with photographic copies of 
the manuscript sheets ; and when the engraving is completed, and at all times thereafter when 
desired, it shall be furnished by the said Survey with transfers from the copper plates of the 
map for use in printing editions of said maps. 

12. Field parties shall expend their own money and take duplicate receipted vouchers. 
These to be examined and approved by the director of the United States Geological Survey, 
and those provided by section 8 to be forwarded to the State Geologist and paid by the 
Auditor General by draft upon Detroit. The director of the United States Geological Survey 
is to make a monthly statement of account to the State Geologist showing expenses by 
United States, as well as vouchers furnished to the State. Expenses by both sides to be 
finally balanced not later than September 1, 1902. 

ALFRED C. LANE, 
Lansing, Mich., August, 1901. State Geologist. 

_ C. D. WALCOTT. 

Washington, D. C, August, 1901. Director of the U. S. Geological Survey. 



ANNUAL REPORT FOR 1901. 263 



RECOMMENDATIONS. 



DISTRIBUTION. 



The bulletins of the Agricultural experiment station, and couaty news- 
papers within the county are distributed by the postoffice gratis, and also 
those of the U. 8. Geological Survey. One can hardly see any reason for 
treating differently the publications of your Board. These have exactly 
the same object, the spreading of an intelligent appreciation of, and 
ability to develop proj)erly, the natural resources. The franking privilege 
would not only relieve us of a burden distinctly felt in so small an appro- 
priation but would very ^eatly simplify the work of sending out the 
reports, and correspondence covering the same, so that we should gain a 
good deal more than the postoffice department would lose in postage. I 
would therefore recommend that you urge upon your representatives in 
Congress the wisdom of extending the franking privilege to State Geologi- 
cal Surveys under substantially the same restrictions as apply to agri- 
cultural experiment station bulletins, which might perhaps be done by 
making the State Geologist an officer of the U. S. Survey. 

FILING OF MINE MAPS. 

During the year two coal mines at St. Charles have stopped opera- 
tions,and the Pere Marquette No. 2 at Saginaw. There are two abandoned 
coal mines at Saginaw, and numerous ones in Corunna district, and at 
Jackson, Grand Ledge, and Williamston. It will be following a precedent 
set in other states, and be a protection to the interests of fee owners where 
coal is mined on a royalty (as it almost always is) , and make the exploita- 
tions of the district adjacent to an abandoned mine in the future much 
saferj and will undoubtedly avoid a terrible accident some time, if all 
mines are compelled to file maps showing the area taken out, not too 
frequently, but always upon shutting down. Blueprints or photographs 
should be accepted, so that mine operators should be subject to no 
unreasonable expense. It has occurred that a mine operator was 
found to be operating outside his own lands, but I think that almost all 
of them would accept cordially legislation such as is here proposed, if not 
intended to be harassing in its nature. 

TOPOGRAPHIC SURVEY. 

It will not ordinarily be possible to spare from our annual appropria- 
tion even 12,000 for topographic work, but it would probably not take 
more than f 3,000 to continue the work so as to cover Wayne county and 
the neighborhood of Detroit, which would serve the interests of a large 
population, and be of great and direct value to our work as a basis for 
Prof. Sherzer's work in Wayne countv to which I shall in a moment refer. 
A sheet also to the west to include Jackson would also enable us to have 
a complete map of Washtenaw county. If possible I should recommend 
that a special appropriation for this x^urpose be provided. 
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WORK. 

Upon the completion of Vol. VIII, and the Annual Report, some county 
reports should be ready for publication as Vol. IX. I should like to have 
a group of counties about Saginaw bay included. Until we are better 
caught up with the preparation and publication of reports on counties 
of which the field work is done, I doubt the wisdom of pushing county 
work much with this one exception, that Prof. Sherzer has returned 
and will be unusually able to take up field work the next few months. 
In connection w4th his very successful and valuable Monroe county report 
he has already done part of Wayne county. The sinking of the shaft of 
the Michigan Bock Salt Co. will give an unique opportunity, and it is time 
that we rounded up the numerous well records which we have collected 
along the Detroit river. Therefore I would recommend that Prof. Sherzer 
be employed to prepare a report on Wayne county similar to that which he 
has prepared on Monroe county. , 

Peat has excited considerable interest of lafe and I have had numerous 
inquiries regarding it. It seems to me that w-here we have so much 
bituminous coal it is not likely to be so important an industry as in 
Canada. But the resources of the State are very great, and especially in 
the Upper Peninsula, where there is a dearth of fuel, it might be that the 
use of peat which was tried years ago, would not only find a domestic 
market, but be the means of utilizing vast quantities of low grade ores. I 
would recommend that a report on peat be prepared. 

The production of gypsum in the State is not keeping pace wdth that in 
other states, nor is it commensurate with the w^ealth of our natural 
materials. The industry is in a few hands which are perhaps not anxious 
to see it grow beyond their grasp. We have had an opportunity to have 
a report prepared by an exceptionally competent man, and I would like 
to see one undertaken if we can afford it. 

We ought also to prepare a general geological map of the Upper Penin- 
sula on such a scale as to show the sections and in corresponding geologi- 
cal detail. And we ought really also now to take up a general review of the 
iron country, filling up various gaps left by the U. S. Survey, adapting their 
work more closely to the property lines, putting it into more portable 
and economic shape, and extending the surveys of lines of magnetic varia- 
tion and the study of the structure as far as they can be extended beneath 
the mantle of the Potsdam sandstone. But in order to do anything 
worth while in this direction we must have more money. My friend and 
classmate, Prof. Smyth, head of the Mining Department of Harvard 
University, would be an admirable man to take charge of this work for us, 
as he has already conducted important private geological surveys for 
some of the larger corporations and I think I could persuade him to do 
it, if there were enough money available to do anything w^orth while in 
anv reasonable time. 

I see no reason for large expenditure in gathering up, correlating and 
tieing the records of the recent surveys in the copper country. By another 
year, however, we ought to do much more work in the northern peninsula. 
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FINANCIAL. 

Owing to the confusion existing in the Houghton oflflce which is not 
yet plastered it is not possible to give as usual just the exact statistics of 
distribution of our reports. Of Vol. VI there are very few left. Of Vols. 
V and VII there is just a comfortable supply. The main demand in 
Vol. VII has been for the Monroe county report. 

The expenses up to July 1 were as follows : 





Salary. 

$634 87 
667 73 
(156 68 
663 49 
426 02 
458 50 
462 20 
445 60 
454 80 
460 40 
442 30 


Field. 


Office. 


Total. 


Jiilv 


$112 85 

155 80 

127 23 

216 67 

82 53 

79 59 

20 15 

65 29 

30 38 

4 85 

42 48 

32 18 

58 98 

50 00 


$57 82 
68M 
37 96 

102 94 

133 60 
15 95 
64 16 
24 00 
37 48 
51 36 
27 81 

114 06 
40 76 
10 29 


$805 54 
892 07 


Aueust 


September 


821 87 


0<'tober 


882 00 


November ! 


642 15 


December .* 


654 04 


JanuAry - ■, 


546 51 


Febmarj' 


531 89 


March 


530 06 


April ' 


511 01 


Mav 


530 i;9 


Jane 


588 54 


( 




99 74 


Belated vouchers \ 








60 20 




» 




Total 


$6,131 79 


$1,077 88 


$786 73 


$7,999 40 





Of our appropriation for the current fiscal year |4,338.57 has been 
spent, of which |1,012.65 has been spent through the U. S. Survey for the 
topographic survey about Ann Arbor. The balance of the year there will 
be little chance to do anything but regular routine work, getting out the 
annual report, Vol. VIII, part III on Marl and Cement materials, paying 
for our share of the work around Ann Arbor, and preparing the county 
report for the ordinary office and salary list cannot fall below |425 a 
month. 

The appropriation for next year beginning July 1 may be divided 
as follows provisionally: 

Fixed salaries and office expenses $5,300 

Continuance of work — 

Report of borings «0 

Expenses on reports and sundries 250 

Co-operation in topographic survey 200 

Arenac county worli continued 200 

Bay county work continued 820 

Tuscola county 300 

Field expenses of State Geologist 270 

Llmestono work continued '. Grabau) 200 

r. P. field work 300 

New work — 

Wayne county ( Sherzer) 600 

$8,000 

Desirable but apparently not feasible — 

Peat $200 

Gypsum report 550 

Co-operation in topographic survey 3,000 

Iron country surveys, not iess than 4.784 

$8,534 

34 



APPENDIX. 



REPORTS OF C. H. GORDON ON THE PORT HURON OIL FIELD, AND THE EROSION 

OF THE SHORE NORTH OF PORT HURON, 



THE PORT HURON OIL FIELD. 



C. H. GORDON. 



INTRODUCTION. 



The special investigations upon wliich this report is based were made 
under the direction of State Geologist, A. C. Lane, during the summer of 
1901. A considerable amount of data, however, relative to the stratigraphi- 
cal relations of the region had been obtained by the author while prose- 
cuting field work for the report on Sanilac county in 1896. 

The presence of oil in rocks underlying Port Huron has been known 
many years but until recently it has not been obtained in sufficient quan- 
tity to be of commercial importance. The occurrence of oil in Western 
Canada was described in the reports of the Geological Survey of Canada 
nearly sixty years ago and ''although at that time no use for the substance 
was known in Canada, except as a supposed remedy for rheumatism and 
for spavin for horses, Sir William Logan, the 4irector of the Survey, with 
characteristic sagacity, foresaw that it might some day become of value 
in this country, as it had long ago proved to be in the East."^ 

In 1860, following the introduction into the province of illuminating 
oils distilled from coal and shale, interest in the subject was renewed and 
attention was again called to the existence of natural oil aud "gum-beds'' 
in the county of Lambton in the west and Gasp6 in the east. In the winter 
iof 1860 and 1861 several great flowing wells were struck at a place in 
Enniskillen township to which the name of Oil Springs was given. *The 
oil escaped so rapidly that many thousands of barrels were lost before it 
could be controlled, or the means provided for saving it.-' In these wells 
the oil was found in the upper part of the Corniferous limestone beds at a 
depth of 260 feet from the surface. As development went on some 
additional flowing wells were obtained but one by one they were all 
reduced to pumping wells and some gave out altogether. 

The Oil Spring area is said, by Robert Bell, acting Director of the 
Canadian Geological Survey, to whom we are indebted for information 
concerning the Canadian field, to be of small extent. It lies between the 
village of the same name and the south line of Enniskillen township. The 
oil field of Petrolia begins a little to the southeast of the center of Ennis 
killen and extends in a west-northwesterly course parallel with that of 
Oil Springs nearly to the center of Sarnia township, a distance of twelve 

f R. Bell, Transactions Royal Society, Canada, 1887. 
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or thirteen miles. It has a breadth of two to three miles, the center third 
being most productive. 

Oil operations went on in this region with varying activity until 1886 
when renewed impetus was given to the enterprise by the discovery of a 
third oil bearing area in Euphemia township parallel with the longer 
axes of the Petrolia and Oil Springs areas. 

The interest excited by the Euphemia discovery led to the sinking of 
several wells at Port Huron in 1886 and 1887. Prior to this some wells 
had been put down along the river with the expectation of finding gas. 
While nearly all of these were successful in finding gas in the upper part 
of the Dundee limestone at about 500 feet from the surface the pressure 
was too weak to make them of commercial importance and none ever 
went beyond the "burning well" stage. In 1886, C. A. Bailey undertook a 
determined search for oil, putting down a number of wells. Well No. 1 was 
located 500 N., 1000 W., Sec. 9, T. 6 N., R. 17 E., and the two others are 
supposed to have been in close proximity to these. The records of these 
wells are published in Vol. V, Michigan Geological Reports. These records 
show that the oil rock (Dundee) was reached at 543, 545 and 572 feet 
respectively. A small amount of both oil and gas was obtained from these 
wells but the further attempt to develop the area was abandoned. The 
surface elevation of this locality is about 605 feet A. T. or 25 feet above 
the level of Lake Huron. 

In 1887, F. L. Wells sunk a well to a depth of 1,685 feet stopping in the 
Salina formation. This well is located on the bank of Black River, 
opposite Kern's Brewery, about five feet above the level of the lake (585 
A. T.). The oil formation (Dundee) was reached at a depth of 515 feet 
with "show of oil and gas."* 

Follotving this period of activity, interest in the oil question subsided 
until 1898 when G. B. Stock, who had formerly operated in the Canadian 
field organized the Michigan Development Company and began opera- 
tions on the Goodrich property in close proximity to the Bailey wells. 
The amount of oil obtained was considered sufficient to pay for operating 
and additional wells were sunk until now sixteen wells are scattered 
over that area, most of which are pumping. In addition to these wells, 
Mr. Stock put down several wells in other places north and west of Port 
Huron in the hopes of finding a greater supply of the fluid. His example 
has inspired other prospectors with the hope of successful ventures and 
several other attempts have been made though as yet with little success. 

L. W. Holt representing outside capitalists began operations on the 
Sweitzer property about three miles north of the Stock wells, and a local 
company began on a well at Valley Center, thirty miles northwest of 
Port Huron during the winter of 1898 and 1899. 

Sources of Oil. — The presence of oil in a formation depends rather upon 
the structure and attitude than upon the nature of the rocks. No geologi- 
cal horizon can be regarded as distinctively an oil horizon. In north- 
western Ohio and Indiana the Trenton is the source of supply of the oil 
and gas of that region while in Pennsylvania, West Virginia, New York 
and Canada the Devonian is the great oil bearing horizon. In Texas, 
while both oil and gas are known to exist in the Carboniferous and in 
the Cretaceous, in a few localities of the latter only is there sufficient 
quantities to be of commercial value. Of these the Corsicana field is the 

• See Vol. V and p. 254 of this report. 
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most important. In the Beaumont field where the richest oil strikes of the 
last quarter century have been made the oil is found in the middle of the 
Tertiary, probably in Miocene rocks. In California the oil comes from 
rocks ranging from Neocene to Miocene, and in Galicia( Austria-Hungary) 
the oil bearing rocks range in age from Cretaceous to Miocene. The 
Russian oil is obtained from Lower Miocene. 

According to R. Bell^ the anticlinal theory in connection with the 
accumulation of gas and petroleum originated with Dr. T. Sterry Hunt, 
who announced it in a lecture published in 1861. According to this 
theory these lighter fluids following the upward slopes of strata accumu- 
late in largest quantity under the summit of the dome. Naturally the gas 
being lightest takes the highest place, the oil next while the water below 
presses hard upon them. When the summit of the dome is tapped gas, 
if present, will escape first followed by the oil then water. The more 
extensive the anticlinal as to breadth or depth the greater will be the 
accumulation of gas and oil and hence anticlinals of small extent are 
not likely to prove profitable sources of supply of these products. Other 
necessary conditions for the accumulation of oil are, (1) deeply seated 
petroleum bearing rocks of considerable volume, (2) a stratum of porous, 
fissured or channelled rock for storing the accumulated oil and (3) an 
impervious layer of argillaceous rock overlying the petroleum bed to pre- 
vent the escape of the oil. 

It is obvious that the oil is not likely to be found at all points along 
tjie crest of an anticlinal but will be concentrated in the domes or eleva- 
tions caused by secondary upheavals. 

Origin of Petroleum,^ — Much diversity of opinion exists among those 
who have written upon the origin of petroleum. Two principal views are 
held, the first being that it has arisen from chemical and physical changes 
in inorganic material and hence termed the inorganic theory. This view 
is advocated by Berthelot, Humboldt, Mendelejefl:', Moquenne, Byasson, 
Cloez, Buss, Sololoff, Coquand, Grabowski, Hitchcock and others. The 
second is termed the organic theory and holds that the oil has arisen 
through the spontaneous distillation of animal and vegetable remains at 
low temperature, with or without pressure. This view is supported by 
such men as T. Sterry Hunt, Lesley, Orton, Dana, Ijcconte, Hoefer, Wall, 
Daubree, Ochsenius,* Newberry, Wall, Peckham, Credner, Warren, Storer, 
Engler, Zoloziecki, Sickenberger, Von Kobell, Watson, Smith, Von Buch, 
Bertels, Zincken, Paul, Tietze^ C. Phillips, Redwood, W^hite, Whitney, 
Binney, Hatchett, etc. 

The inorganic origin of petroleum is receiving less and less support as 
the field of chemical investigation is extended while the weight of opinion 
inclines more and more to the view that this substance is derived from the 
decomposition of animal and vegetable remains. W. B. Phillips'* in his 
recently published bulletin on Texas petroleum reports the results of an 
investigation tending to show the connection of diatoms with oil pro- 
duction and suggests that these low forms of life may have played an 
important part in the formation of oil deposits.® 

3 Petroleum Field of Ontario, TranBaction Royal Society of Canada, Vol. V., p. 103. 
* See vol. V, Fart II, introdnction by L. L. Hubbard. 

4 Chemiker Zeitang, 1887, 11, No. 66; 1891, 16, No. 63. 

B W. B. PhiUips. T^xas Petroleum, Bulletin University of Texas, 6. 

*For fuller discussion of this subject see above Bulletin, also Vol. V, Michigan Geological 
Survey, Part II, p. xlx. 
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GEOLOGICAL BEIATIONS OF THE NORTHERN OIL FIELD. 

Investigations have shown that the Ohio and Canadian gas and oil 
deposits occur on the course of the great Cincinnati anticlinal which 
extends northward from Kentucky through Ohio and western Ontario 
bearing north-northeastward, from about Point Pelee on Lake Erie, 
through the counties of Essex, Bothwell and Lambton. It reaches Lake 
Huron at about Kettle Point and continues under the lake parallel 
with the eastern shore to a point opposite Southampton, when, turning 
a little more to the northeast, it crosses the Indian peninsula parallel 
to another anticlinal that seems to run through Baginaw bay and the gap 
between the extremity of this peninsula and Grand Manitoulin island.^ 
Prof. Edward Orton's investigations on the gas and oil discoveries in 
Ohio led him to the conclusion that the Trenton limestone received its 
low arched form along the Cincinnati anticline in that region before the 
succeeding formation was deposited upon it, while the stratigraphical 
relations in the Petrolia and Port Huron fields indicates either that a 
further upward movement took place after the formation of the Dundee 
limestone and before the deposition of the Traverse shales upon it, or that 
in this region there was an extensive coral island formation. It is quite 
possible that both of these agencies combined to give these beds the struct- 
ure and attitude necessary to constitute them a reservoir for the 
petroleum originating in lower lying formations. 

While the Cincinnati anticlinal is, in general, a gentle swell of great 
breadth there occur within its area many minor folds and undulations 
running both parallel with, and transverse to, the general direction of the 
main axis. 

The investigations in western Ontario have shown the existence of a 
number of these minor transverse folds having two principal courses one 
about east and west and the other northwest. The fold in the Dundee, 
shown on Plate IX, at Port Huron is in direct line with the general 
trend of the undulations in the Enniskillen field and evidently constitutes 
a part of the same series, while seemingly another branching off from 
the main axis farther south passes through Mount Clemens. 

THE CANADIAN OIL FIELD. 

The obvious connection of the Port Huron field with the Lambton 
county oil area makes it desirable to preface a description of the former 
with a brief account of some of the wells adjoining Port Huron on the 
Canadian side.® 

"The oil of Lambton county is, in the main, obtained from two distinct 
pools known as the Oil Springs and Petrolia fields, both in the township 
of Enniskillen. The larger of the two — the Petrolia field — ^with an 
approximate area of twenty-six square miles, extends west-northwest 
about nine miles and east-southeast about four miles from the village of 
Petrolia ; while the Oil Springs field covers two square miles and includes 
the southeastern part of the village of Oil Springs. The pools are divided 
by a very distinct synclinal structure, the upper beds of the Hamilton 

"^ R. Bell. TransactloQ Royal Society, Canada, ^'ol. V, p. 106. 

^ For this infonnation we are indebted to H. P. H. Brumraeirs Report on Natural Gas and Petroleum 
in Ontario. Geological Survey of Canada, 1882. 
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"(Traverse)" being overlain by the black pyroschists of the Portage 
"(Antrim)" formation; these black shales have at Oil City, between 
Petrolia and Oil Springs a thickness of forty feet immediately beneath 
which is found the upp6r limestones of the Hamilton (Traverse) series. 

"The black shale is absent at Petrolia and Oil Springs, the surface rock 
underneath the drift at both places being the upper limestone of the 
Traverse series. Tp the north of Petrolia the black Antrim shales again 
appear overlying the Traverse, at Wyoming, where they have a thickness 
of four feet and at Kingston's Mills, where they are fifty feet thick." 

Petrolia, — A w^ll sunk near the Imperial refinery at Petrolia and 
known as the "Test Well" as published by Mr. Brummell (Mr. E. Raw- 
lings, driller) shows the following record:* 

Test Well, Petrolia.— Elevation 667 feet A. T. 



Surface . . 
Traverse 



f 1. Limestone (upper). . . 

J 2. Shale 

' 1 3. Limestone (middle). . 

L 4. Shale 



Dundee 



5. Limestone (lower). 

6. Limestone, soft... 

7. Limestone, gray... 



Monroe. 



8. 

9. 

10. 

11. 

U2. 



Limestone, hard, white with hard streaks of 
sandstone from two to five feet in thickness. 

Oypsnm 

Salt and shale 

Oyjpsum 

Salt and shale 



Thickness. 

• 


Depth. 


104 


104 


40 


144 


130 


274 


16 


288 


43 


332 1 



El. A.T. 



68 


400 


40 


440 


160 


600 


500 


1100 


80 


1180 


105 


12H6 


80 


1365 


140 


1505 



663 

523 
3d3 
378 
335 

267 

227 

67 



•433 
•513 
•618 
•608 
•838 



•Below sea level. 

No. 5 is regarded by the Canadian geologists as constituting the base 
of the Traverse (Hamilton) series and 6 and 7 the Corniferous. 

As the upper portion of these limestones are known only as they appear 
in well sections in Eastern Michigan and Western Canada it is evident 
that the attempt to draw a dividing line between the two divisions 
within the limiti) of a limestone formation, as represented by 5, 6 and 7, 
meets with insurmountable difficulties. The Michigan geologists have, 
therefore, very properly abandoned the attempt at exact correlation of 
these limestones with the Corniferous and have given to them the local 
name of Dundee which is defined to include all limestone beds extending 
down from the shales represented in No. 4, the "lower soapstone" to the 
dolomite or gypsiferous shales of the next or Monroe formation. The 
division between Dundee and the overlying Hamilton beds, which are 
likewise given a local name — the Traverse, is one of the sharpest lines 
we have and can be easily recognized in well borings. The oil is found 
at a depth of from 45 to 135 feet below the top of No. 5, which here has an 
elevation of 335 feet A. T. 

Samia, — The productive oil territory extends northwest from 
Petrolia into the southeastern corner of Sarnia township where a number 
of wells have been sunk, the records of which, however, are not available. 

* Compare record of Vol. V, part II, p. 46, showing Dundee at 345 to 375 feet. 
85 
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At Sarnia, which lies in line with the extension of the longer diameter 
of the Petroiia field, several wells have been sunk in which gas in small 
quantities was obtained but no oil. Following is a record of Dickens 
well located in the southern part of the town near the corner of Rose and 
Tecumseh streets.^® 

Dickens Welly Sarnia. — Elevation about 590 A. T. 



Glacial 



1. Surface deposit. 
Sand and clay 130. 

Hard pan 66 

Gravel 16 



2. Limestone. 



r2. Llmei 
U- Sbale 



Limestone. 



Dundee 6. Limestone. 



Thickness. 


Depth. 


200 


200 


90 

100 

6 

68 


290 
890 
996 
463 


77 


640 



£1. A. T. 



390 



300 
200 
196 
127 

60 



This well is remarkable in showing the absence of the Antrim shales 
which at Port Huron, just across the river, are 82 feet thick in Wells 
bore hole (No. 12 in Vol. V of the Michigan Reports) and thicken rapidly 
westward to 183 feet at the Junction well. 

Evidently the Dickens well marks the location of an extensive pre- 
glacial channel possibly representing the ancient Huronian river. The 
top of the Dundee limestone has here an elevation of 127 'feet thus 
showing a westward pitch of the fold of 208 feet between this point and 
Petroiia. 

Another well at King's gristmill, drilled in 1875 by M. E. Rawlings,. 
gave the following record: 

King's Gristmill well, Sarnia, — Elevation 589 A. T. 



Qlacial 



1. Sarfftce deposit. 

Sand 9 

Blue clay 109..., 
Hard pan 2.... 



Antrim 2. Shale, black. 



Traverse < 



( 3. Limestone 

4. Shale 

6. Limestone 
6. Shale 



Dundee 



( 7. Limestone 
i 8. 



Limestone, grey. 



Monroe 



^10. 

hi. 



9. Limestone, hard 

Limestone, hard and flinty 
Limestone with gypsam . . . . 



Thickness. 



120 



96 

30 

203 

6 

40 

60 
100 

646 
200 
106 



Depth. 



El. A..T. 



120 



166 

186 
449 
464 
494 

664 

664 

1200 
1400 
1006 



469 



433 

403 

140 

136 

96 

36 

•66 

•611 
•811 
•916 



• Below sea level. 

10 As given by Mr. Bmmmell (H. Mitchell, driller.) 
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Oil was not observed, but gas in small quantities was found at 400 feet 
and cased off. 

This well is located about one and one-half or two miles north of the 
Dickens well and shows the presence of 36 feet of Antrim shales. The 
surface of the Dundee has an elevation of 95 feet or 32 feet lower than 
in the other well. 

Courtwright. — A well at Courtwright, about 10 miles south of Sarnia, 
gave the following record as furnished by Mr. E. Bawlings, driller, and 
published by Mr. Brummell : 

Courtwright well. — Elevation above tide 588 feet. 



r<iA^fAi i 1- Surface sand and clay 

^*^"' I 2. Hard pan.. 

Antrim 3. Shale, black 



Traverse 



\t: 



Limestone 

Shale and Limestone. 



r\,-,^A^M^ i 6. Limestone, white. 

^"<*«« i 7. Limestone; grey. . 



Monroe •• 



R. Limestone, hard, white. 
9. Sandstonet 

10. Limestone 

11. Limestone and eypsum 

12. Salt 7... 

.13. Oypsnm 



Thickness. 


Depth. 


132 


132 


28 


IfiO 


32 


192 


40 


232 


310 


U2 


60 


592 


100 


692 


370 


1062 


32 


1094 


400 


1494 


136 


1630 


22 


1662 


13 


1665 



Kl. A. T. 



466 
428 
393 

366 
46 

•4 

no4 

•474 

•606 

•006 

«1042 

n064 

*1077 



* Below sea level. 

t Probably dolomite (B). Sylvania (L). 



In this well the top of the Dundee is found at 46 A. T. or 81 feet below 
its position at the Dickens well. It is evident that the fold passes through 
the south part of Barnia, its summit being at or a little south of the 
corner of Rose and Tecumseh streets. 



THE PORT HURON FIELD. 

The onlv wells that have vielded oil in the Port Huron area are located 
on what is known as the Goodrich property in the western part of the 
city. They belong to the Michigan Development Company, of which Mr. 
G. B. Stock is the manager. Sixteen wells have been sunk, the larger 
part of which are pumped, yielding altogether about forty barrels a week. 
Those interested in the question are firm in the conviction that a larger 
pool exists somewhere in this region and are persistent in their attempts 
to locate it. 

The Bailey and Stock wells are located near together and correspond 
closely in their records. The following, furnished by Mr. G. B. Stock, 
is a typical record of the wells in the Goodrich field : 
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The f^tock wells. — Port Huron. 
Location, S. Vo, N. W. 14, See. 9, T. 6 N., R. 17. Elevation 605 A. T. 



Glacial 1 . Blue clay. . . 

Antrim 2. Black shale. 



Traverse 



'3. Limestone (top) 

4. Soapstone, ftoft 

-l 5. Limestone (middle). 

6. Hlateor shale, dark. 
J. Boapstone 



Dundee. ■ 



8. Limestone, sandy. 

9. Limestone 



Thickness. 


Depth. 


El.A.T. 


100 


100 


606 


87 


187 


418 


43 


230 


375 


70 


300 


306 


16 


316 


290 


85 


400 


206 


120 


620 


186 


47 


667 


38 


33 


600 


06 



The limestone No. 8 is the oil bearing stratum. The surface of the 
Dundee here has an elevation of 85 feet A. T. From this point tjie beds 
slope toward the northeast and to the west and south. Toward the south 
and west the slope is apparently pronounced, as shown by the following 
wells which are evidently located on the southwestern limb of the 
anticline. 

Bailey ivell No. 1. — Port Huron. 

Location 500 N., 1000 W., Sec. 9, T. 6 N., R. 17. About 1/2 mile south- 
west of the Stock wells. Elevation about 605 A. T. 

(Plate 48, Vol. 6, Mich. Geol. Survey.) 



I 



Olaoial 1 • Surface 

Antrim 2. Black shale 



Traverse 



'3. Streak hard arelllaoeous limestone with Fes. . . 

4 . Snapstdne (argillaceous marl) 

6. Limestone (top) blow of odorless gas at 280 

6. Soapstone (argillaceous marl) 

7. Limestone (middle) 

8. Soapstone with streaks of limestone at 618 and 
6^ 



Dundee 9. Limestone (lower) 



Thickness. 



100 
100 

2 

15 

80 

147 

9 

90 
126 



Depth. 



100 
200 

202 
217 
297 
444 
453 

643 

668 



El. A. T. 



606 
406 

403 
388 

308 
161 
162 

62 

•63 



•Below sea level. 
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Grand Trunk Junction well. — Port Huron. 

Location at Grand Trunk Junction, near the N. E. corner, Sec. 18, T. 
6 >\, R. 17 E. Elevation 618 feet A. T. 

(Plate 54, Vol. 5, Mlob. Geo!. 8iirve}\) 



El. A. T. 



Glacial 1. Surface 

Antrim Z- Black shale, small amoant of gas at 300. 



Traverse 



{I 



3. Limestone (top) 

-* 8oapstone...T 

limestone (middle). 

Soapstnne 



Dundee 7. Limestone (lower) 



Tbickness. 


Depth. 


124 
183 


• 

124 
307 


128 

77 

8 

105 


435 
512 
520 
625 


147 


772 



494 
311 

183 

106 

98 

•7 

•164 



* Below sea level. 



Black water was encountered at 680-685 and salt water at bottom. A 
show of oil appeared at 710. 

Maryaville tcell. 

Ijocation four miles south of Port Huron, on the Bunch farm, put down 
by Church & Co. Elevation about 600 feet A. T. 

(Plate 40, Vol. 5, Mich. Geol. Survey.) 



El. A. T. 



493 

490 

302 

205 
12 

•26 
•416 

•496 
•550 



Glacial P' ^^*y 

*****^'*' 12. Gravel (dry) 

Antrim 3. Dark blue shale, streaks of black 

TrAvi^rsp i *' ^"^^ limestone 

ira> erse ^ g Argillaceous marl thinly laminated and fissile. 

Dundee i ^' ^*^^y limestone, porous, indications of gas... . 
(7. Limestone, gjrey 

MnnwiA i 8' Limestone, sandy 

"^°°"'® (9. Limestone, dark grey, hard in places 

* Below sea level. 

Salt water was encountered in No. 7 at 745 and mineral water at 817, 
970 and 985. The upper part of these limestones probably belongs to 
the Dundee. 

About •% of a mile southeast of Wadham's station, on the farm of 
Mr. Fair near the railroad track, a well was sunk by Mr. G. B. Stock who 
furnished the following record: 



Thickness. 


Depth. 


107 
3 


107 
110 


188 


298 


07 
193 


388 
588 


»7 
380 


625 
1015 


80 
55 


1095 
1150 
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TJie Fair well. — Wadham's Station. 
Location S. E. 14, Sec. 2, T. 6 N., R. 16 E. Elevation about 655 feet A. T. 



Glacl&l i * • 8«>^»co gravel 

Antrim 3. Black thale . . . . 



'i. Limestone (top) 

TrAvpraA J ^' Soapitone 

ira verse < g Limestone (middle). 

^7. Soapstone 



Dundee 8. Limestone (lower). 



Thickness. 


Depth. 


4 
110 
122 


4 
114 
236 


230 

106 

46 

86 


466 

'm 

616 
711 


122 


833 



El. A. T. 



661 
641 
419 

189 
84 
39 

•86 

•178 



• Below sea level. 

No gas or oil was found in this well. 

A well sunk by Mr. G. B. Stockon the farm of F. A. Beard, ten miles 
northwest of l*ort Huron, gave a heavy flow of mineral water at 140 feet, 
another of brine at 587 feet with a slight show of oil at 813. The record 
of this well, which is located in the valley ^f Black river at the mouth 
of Mill creek, was furnished by Mr. Stock. 

Beard-8 well. — Ahhottsford. 
Location near S. E. Cor. Sec. 8,T. 7 N., R. 16 E. Elevation about 655 A. T. 



1. Marl V clay. 

gn 
3. Wash gravel. 



Glacial < 2. Tough blue clay 



Antrim 4. Black shale 



'6. Limestone (top) 

Traverse J ®- *>aP«tone 

iraverse <^ Limestone (middle). 

^8. Soapstone 



Dundee 9. Limestone (lower) 



Thickness. 


Depth. 


30 

86 
22 


30 
116 
138 


100 


238 


217 

122 

4 

166 


456 

677 
681 
737 


96 


833 

a 



Tfl. A. T. 



626 
539 
517 

417 

200 

78 

74 

•82 

•178 



• Below sea level. 

A heavy flow of water of excellent quality which came out with consider- 
able force when first struck was found in gravel (No. 3) at the base of the 
surface formation. This well was still flowing in considerable volume at 
the timeof our visit. Instead of coming up the pipe the water had forced 
its way up outside and had made a considerable opening all around the 
pipe. Bubbles of gas were constantly given off by the water as it boiled 
up from below. The "top limestone'' shows unusual thickness in this well 
and in the Shaw well hereafter described. 

The westward descent of the Dundee is well shown here, the surface 
lying at 82 feet below the sea level while at the Stock wells in Port Huron 
it is 85 above, a difference of 167 feet. At the Fair well there is a 
descent of 141 feet, at the Junction well 92 feet, while at Marysville it 
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IS 73 feet. At the Bailey well (No. 1) the surface of the Dundee is 23 
feet lower than at the location of the Stock wells though the distance 
between them cannot exceed one-half mile. 

Westward from Beard's well the inclination of the beds evidently con- 
tinues as shown by the well put down at Valley Centre, in Sanilac county, 
which stopped in '*top limestone'' at a depth of 876 feet. This well was 
put down by a local stock company of. which David Murray is manager. 
The record was furnished by Mr. Lewis Hydorn who assisted in the 
drilling: 

Valley Centre tcell. 

Location S, E. y^^y N. E. 14. Sec. 27, T. 9 N., R. 13 E. Elevation 805 A. T. 



OlacUl 



1. Red land and loam 

Qnlckiand 

Clay 

Sand and gravel with plenty of pure water.. 



Marshall 



Coldwater. 



11 

( 5. a 

,\ 6. '♦ 
\ 7. S 

jl: 

no. 



Sandstone 

Conglomerate". 
Sandstone 



8. Slate (bine shale) 

Soapstone 

Slate 



nA«Mi 5 11- LlmestoDe 

"®™* \\1. Sandstone. 



Antrim 13. Shale changing to soapstone below. 

Traverse 14. Limestone 



Thickness. 


Depth. 


6 


6 


90 


06 


22 


117 


32 


148 


5 


164 


20 


174 


30 


204 


10 


214 


176 


389 


100 


639 


10 


649 


20 


609 


272 


841 


36 


876 



El. A. T. 



800 
710 
688 
666 

661 
631 
601 

691 
416 
266 

266 
236 

•36 

•71 



* Below sea level. 

The formations 5, 6, 7 here indicated as belonging to the Marshall group 
may be the eijuivalent of the Richmondville sandstone within the Cold- 
water series. Assuming a thickness of 400 feet for the Traverse here, it 
is evident the Dundee would be found at a depth of about 1241 feet or 436 
feet below sea level. From this it apjwars that the descent of the Dundee 
limestone between Port Huron and Beard's is about 16i/> feet per mile, 
while between Port Huron and Valley Centre the top of the Traverse 
shows a westward descent of 15 feet per mile, a reasonably close corres- 
pondence. 

Turning now to the wells northeast of the Stock area we find a descent 
of the beds in that direction, though not so marked, indicating that the 
few wells put down here are near the broad summit of the anticline. 

A well was put down by F. Tj. Wells some years ago, the record of which 
was published in Volume V of the Michigan Geological survey. This 
well is located about a mile east (and a little north) of the Stock wells 
on the bank of Black river a short distance above Seventh street bridge. 
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WelVs Bore Hole. — Port Huron. 

Location, bank of Black river opposite Kern's Brewery.* Elevation 
585 A. T. 

(No. 12, Plate 57, Vol. V.) 



Glacial l . Surface, mostlv clay. . 

Antrim 2. Black slate ana shale. 



Traverse 



Limestone (top). 
4. Soapstone with seams of limestones. 



r 3. 

I 6. Limestone (middle) 
t 6. Soapstone 



Dundee 



Monroe - 



7. Limestone (lower) cberty at top with show of 

oil and gas. . ; 

8. Dolomitic limestone with indications of salt 

and gypsum 

9. Marl anci marly limestone 

10. Hard dolomitic limestone 

11 . Bluish black marl with gypsum 

12. Hard dolomitic limestone with show of brine 
and oil 

13. Argillaceous marl with streaks of dolomitic 

limestone and gypsum 

14. Hard gray calcareous sandstone. (Oriskany?).* 

i;^. Bluish black argillaceous marl 

16. Dolomite and gypsum .' 

. 17. Alternating beds of salt limestone and shale. . 



Thickness. 



102 

lOR 
225 



133 



R8 
54 
75 
58 

42 

205 

d5 

10 

300 

130 



Depth. 



102 
185 

290 
515 



&I8 



716 
770 
845 
9a3 

945 

1150 
1245 
1265 
1555 
1685 



El. A. T. 



483 
400 

295 
70 



•63 



•131 
•185 
•260 
•318 

•360 

•56S 
•660 
•670 
•970 
•1100 



•Below sea level. 

At the top of the Traverse was found a thin bed of shale overlain by 
a streak of hard argillaceous limestone containing FeS,. 

At the time of our visit a w^ell had just been completed on the Sweitzer 
property about a mile and a half north of the Stock wells, by L. W. Holt 
for a stock company. The record of this well as furnished by Mr. Holt 
follows: 

Sweitzer icell. — Port Huron. 

Location S. W. 14, Sec. 33, T. 7 N., R. 17 E. Altitude about 610 A. T. 



El. A. T. 



( 1. Soil and sand. 



Glacial ,.^2. Clay 

f 3. Hard pan and marl. 



Antrim 4. Black shale 

Traverse 

Dundee 7. Limestone (lower) 



5. Limentone, white with thin strata of soap- 
stone 

6. Soapstone 




605 
505 
490 

390 



330 
52 

•20 



• Below sea level. 



There was a show of oil at 558. The well was shot at 568 and a small 
amount of oil obtained. Another well (No. 2) was in progress a short 
distance from No. 1. This well, as also the Wells boring, reaches the 
Dundee at a slightly lower level than the Stock wells but all are evidently 
not far from the crest line of the fold. 



» Where wells have been put down for water. 
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A little more than four miles north of Sweitzer's on the farm of Mr. 
Shaw, a boring was made by G. B. Stock who furnished the following 
record : 

Shaw well,'— Fort Oratiot township. 

Location S. E. i^, Sec. 8, T. 7 N., R. 17 E. Altitude about 600 A. T. 



El. A. T. 



Glacial 



' 1 . Sand and gpravel 

2. Purpleclay or mud. 

3. Gravel 

^ 4. Blue clay 



Antrim 5. Black tbale t. 



Traverse 



" 6. Limestone 

7. Soapstone 

8. Limestone (middle). 
^ 9. Soapstone 



Dundee 10. Limestone (lower) 



Thickness. 


Depth. 


6 


5 


30 


35 


3 


38 


79 


117 


4A 


162 


203 


366 


95 


460 


15 


476 


65 


540 


115 


656 



605 
565 

562 
483 

438 

236 

140 

126 

90 

•66 



* Below sea level. 

This record shows an unusual thickness of the "upper limestone" 
(No. 6) while the soapstone is proportionately decreased in thickness. A 
showing of oil was claimed to appear here at 557 but no effort was made 
to develop it further and the well was abandoned. 

Northward from this point the beds descend and other rocks appear 
overlying the black shale. At Papst's well three miles south of Lexing- 
ton there are 252 feet of shales including a thin bed of limestone above 
the black Antrim shale. The record of this well furnished by the driller 
is of doubtful utility for purposes of correlation, and is not given here. 

The accompanying map (not printed, open to the inspection of those 
interested. L.) shows the configuration of the surface of the Dundee lime- 
stone as nearly as it can be determined from the data available. From 
this it will be seen that the crest of the fold is marked by a line passing 
northwestward through the southern and western portions of Port Huron 
then veering northward. The fold plunges steadily in the direction of its 
course while to the westward it is bordei'ed by a synclinal trough which 
likewise descends to the north and west. The wells at Mt. Clemens and New 
Baltimore^^ show another fold coming in from the southeast. 

While the information derived from additional well borings will 
undoubtedly call for modifications of this map in details it is believed 
that in its essential features the surface of the Dundee limestone will be 
found as here represented. If correctly represented it is evident that oil 
must be sought along the crest of the Port Huron fold. 

As the fold plunges to the northwest the tendency of the oil would be 
to seek the highest points and hence would follow the rock toward the 
southeast unless intercepted by transverse depressions. Thus far no 
indications of "pools" have been found. 

» See pp. 221 to 223. 
38 
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The following paper on the erosion of the shore just north of Port 
Huron which was taken up by Dr. Gordon incidental to his work on the 
Port Huron oil field, has interest in a number of ways. In the first place 
the actual commercial loss of land is not inconsiderable. Much of the 
fine clay, however, is doubtless swept down the Saint Glair river and 
reappears in the gain of the Saint Clair flats. Ag:ain we have interesting 
data to be applied elsewhere upon the possibilities of erosion of the till. 
While the effect of the rise and fall of the lake level is very marked in 
hastening or retarding erosion, in the period used the lake level was 
about the same at the beginning and at the ending. It will be noticed 
that the rate of erosion found is in harmony with that found in the 
Huron county, so that the estimates as to the length of time that erosion 
has been taking place at or near the present level will not need to be 
materially modified. It is, however, quite likely that when the bluffs were 
thickly wooded the trees, as they were undermined and slid down, would 
greatly protect the bank from erosion. This is indicated by the greater 
erosion during the later period. 



WAVE CUTTING ON WEST SHORE OF LAKE HURON, 

SANILAC COUNTY, MICHIGAN. 



BY C. H. GORDON. 



At various places along the shore in Sanilac and Huron counties the 
encroachment of the lake upon the land is proceeding at an appreciable 
rate. In Sanilac county there are a number of reaches where the water 
breaks fairly against a bank twenty to twenty-five feet high, composed of 
boulder clay overlain occasionally by the stratified sand and gravel of 
abandoned beaches. As some of these localities indicate that shore 
destruction has gone on practically unhindered by artificial means since 
the settlement of the region it was suggested by State Geologist, A. C. 
Lane, that a study of a typical locality might afford data from which a 
quantitative estimate of the encroachment of the lake in recent times 
could be derived. 

LOCALITY. 

Accordingly during the summer of 1901 a site was selected 3V^ miles 
Bouth of I^exington which seemed to offer especially favorable opportun- 
ities for this investigation. The shore here forms the eastern boundary 
of the Haywood estate (Figures 5 and 7) comprising the S. V2 ^^ the S. % 
of section 18 and the N. Vo of the N. 1/0 of section 19, T, 10 N., R^ 17 E., 
where it was evident no effort had been made by cribbing to prevent the 
cutting away of the land. At this point the direction of the shore line is 
S. 17° E. with a slight bend to the west. The vertical escarpment is about 
twenty feet high composed wholly of glacial till. At the southeastern cor- 
ner (G on Fig. 5) sand and gravel appear over the clay thickening toward 
the south as the shore line cuts diagonally across the old beach to which it 
belongs. Behind this beach line a small ravine or dry run comes in from 
the south while another intersects the bluff 40 rods north of the south 
boundary line. The land has been cleared and under cultivation for 
many years. 

A distinct impression of recency in lake encroachment is gained by 
observing in places plow furrows cutting straight out to and across the 
edge of the bluff. At one point three distinct stages of cultivation were 
noted. First the oldest plow furrows at right angles to the bank extend- 
ing clear out to the edge, the corresponding north-south furrow having 
been removed by the waves. Second, outermost furrows parallel with 
the cliff and within six feet of the edge, a position it would be impossible 
to reach by the plow at the pi'esent time. Third and last, with the outer- 
most furrow about ten feet from the edge. These stages are all clearly 
defined and indicate a distinct encroachment of the lake between each 
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period of cultivation. Opposite the north boundary of this estate at E^ 
Mr. Papst, who owns the property on the north, has placed a crib of loga 
which has checked shore wash here and inaugurated a stage of land 
building. 

The Shore Line. — The shore line at this point belongs to the type 
designated by Lane in the Huron county report^ as the cliflf and shingle 
type. In this case the cliff, with vertical inclination about 20 feet high, 
is composed of boulder clay. Farther south the shore line intersects an 
old beach, the Algonquin, the top of which is 20 to 25 feet above the 
present lake level. This is one of the most pronounced beaches of the 
series described in the Huron and Sanilac county reports. South from 
this point it appears as a well developed ridge or belt of sand and gravel. 
Northward in Sanilac county it appears only in isolated stretches having 
for the most part been cut away by the encroachment of the lake. Plate 
XV represents the beach cliff at a point about one-fourth mile south of 
the Haywood estate. At this point the stratified beach deposits rest 
upon the boulder clay which to the north constitute the whole cliff section. 
The plane of contact between the beach deposits and the underlying clay 
is marked by pieces of coniferous wood in the form of logs and stumps of 
various sizes. One of these is seen projecting from the bank to the right 
of the hat in the left foreground of the picture. About a hundred yards 
south of the place where this view was obtained the surface of the clay 
descends to near lake level and logs and stumps of considerable size, 
evidently washed out of the bank, strew the shore. 

Stratification of Clay, — Owing to the recent removal of material the 
face of the cliff is remarkably fresh and offers excellent opportunity to 
study the character of the deposit. Exclusive of the 18 inch soil horizon 
on top, there are three well marked divisions in the clay all characterized 
by more or less clearly marked stratification planes. Following is the 
section taken here : 

Feet. In. 

1. Soil — top loam 1 6 

2. Light colored, or drab sandy clay. Rather obscurely but 
evenly and regularly stratified : pebbles mostly of small size 9 
(a) Between this and the underlying clay is a brownish 

band, in places consisting of yellowish sand, filling 
irregular depressions in the lower clay. This appar- 
ently represents a soil horjzon. Thickness 6 in. to 1 ft* 

3. Blue clay, darker and more compact than No. 2. The stratifi- 
cation is well marked and fairly regular. It is well shown 
in Plate XII. The contact between this and the overlying 
division is marked* by a more or less clearly defined uncon- 
formit^^ The clay is distinctly jointed and contains more 
numerous and larger pebbles, many of which are distinctly 
striated. Thickness 7 

4. Below No. 3 there is exposed four feet of darker blue and 
still more compact clay, stratified, the layers being decidedly 
contorted. It is separated from No. 3 by a well marked seam 
or crack but shows no appearance of a soil horizon. The 
surface of this lower clay bed is irregular but the layers of 

1 Lane. A. C— Geological Report on Huron County, Michigan.— Geological Survey of Micnigan, Vol. 
VII, p. 40. 
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Feet. In. 

the overlying bed fit conformably into the depressions. The 
boulders in this bed are prevailingly of dark crystalline rock 
and are, for the most part, subangul^r in outline and often 
planed and striated. Thickness exposed 4 

The three divisions, 2, 3 and 4, are clearly marked and for the most 
part can be readily recognized in Plates XI to XIII. They undoubtedly 
mark three distinct stages in the advance of the ice sheet. The compact 
contorted condition of the lowermost division shows the effect of the 
overriding of the ice in its next forward movement. In No. 3 the effect is 
much less, indicating that the movement was much less pronounced. 

FIRST SURVEY. 

The land survey notes on file at the county court house, Sanilac Center, 
show that the original survey was made by Lewis Lyon, deputy surveyor 
in 1823. Following is a transcript of the field notes of the meander of 
the east boundary of sections 18 and 19, T. 9 N., R. 17 E., beginning at 
point where north line of section 18 intersects the lake: 



Direction. 


Distance 
chains. 


Remarks. 


816E 


41.00 


At 39.60 a stream 26 links wide enters from N. W. 


Slow 


3.R0 




SITE 


11.00 




S14E 


12.00 




833E 


3.00 


. 


S22E 


6.50 




S18E 


• 4.50 




S2E 


2.90 


To corner of fractions 18 and 19. 


S27E 


3.50 


. 


S13E 


12.00 




826E 


15.00 


- 


S40E 


6.00 




815E 


12.00 




S30E 


8.00 




813E 


9.00 




812|E 


20.97 


To f ract. comer of 19 and 30. 



Starting from the northwest corner of section 18 the distance to the lake, 
according to the Lyon's survey, was 24.50 chains. From the southwest 
corner of section 18 on line between 18 and 19, the distance to the lake 
was, according to same survey, 46 chains, and along the south line of 
section 19 it was 73.70. The meander of the shore according to these 
measurements is shown on the accompanying map. 

RESURVEY. 

To obtain exact data for an estimate of rate of shore cutting a survey 
was made by us with the assistance of county surveyor, Thomas Nicol, 
with the following results: 

Starting fi'om the southwest corner of section 18 the distance to the 
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lake (A B) was found to be 38.60 chainB instead of 46 as shown by the 
survey of 1823. In Lyon's field notes, a hemlock 26 inches through 
occurred at 15.95 chains from corner. The stump of this tree was found 
by us at 15.90. ^ 

One-fourth mile north along quarter sei^tion line bounding the Haywood 
property on the north (D E) the distance to the lake measures 33.71 
chains while that on the south (F G) in like manner measures 46.76 chains. 

Starting from the point where the north quarter section line meets the 
lake the meander of the shore line for the half mile bounding the Haywood 
farm is aa follows: 



Direction. 


Distance 
chains. 


S2W 


2.73 


812E 


6.86 


817E 


2.28 


822E 


3.87 


S17E 


16.02 


B24E 


9.85 



Remarks. 



At 1.76 a small run. 



To elm tree. A small ravine enters from west at 7. 

Stake set. Bluff 30 links east. Ravine 9 links west. Small stream enters lakfr 
from south at 7 . 86. 



4- 



MAP SHOWING 
Destmetion of 

^ SHORE I^INE 

Worth Tp. 

Sanilac Co. Mich. 

Sees. 18 and 19. 

T.9N.,R17E. 




SCALE 1 MILC=:4 IN. 



C. H. Qordon. 



Fig. 6. Sketch map showing the advance of lake Huron, in Worth township, Sanilac 
county. Mich., at an average rate of 6.7 feet per annum. 

The estate of Clark Haywood of Cleveland owns the south part of the south part of Sec. 
18 and the north part of the north part of Sec. 19. 
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RATE OF WASTE. 

The fihore according to this 1901 survey is shown on the map, Fig. 5, 
in connection with that of 1823. According to the original survey the 
Haywood estate contained 184.90 acres and this is the size of the farm 
MS indicated on the county maps. The new survey shows an ^rea ol 
157.65 acres. It appears therefore that 27.25 acres of land have been 
removed by the lake in the 79 years intervening since the first survey,, 
or an average of .345 acres per annum. The total average recession of th« 
snore line within the a^ea under consideration is 6.81 chains or 449.46 feet 
an average recession of 5.7 feet per annum.^ 

Old Oovemment Road. — According to Mr. R. Papst, the old government 
road from Port Huron to Port Austin followed the lake shore here at a 
distance of several rods. Well marked traces of this old road can be found 
on Mr. Papst's farm. This road can be traced to where it crosses the 
edge of the bank 40 rods north of the north- boundary of the Haywood 
estate and again on the south where it appears following the strand line. 
Near this point it is said that an orchard existed on the side toward the 
lake but its site haa now entirely disappeared. On the Haywood estate 
the road lay entirely outside the present shore line as indicated on the 
accompanying chart. 

Material removed. — The cubical contents of the portion of land removed 
equals the volume of a block 2,640 feet by 449.46 feet by 20 feet, in which 
the average height of the missing portion is taken to be the same as that 
of the present bank, a conclusion warranted by the appearance of the 
ground slopes. This yields 878,944 cubic yards of earth, an amount 
sufficient to cover an area of 545 acres to a depth of one foot, or an average 
of 6.9 acres per annum. According to the United States survey charts 
the area of Lake Huron is 22,322 square miles and the average depth of 
water about 200 feet. The length of coast line is about 500 miles. Assum- 
ing a uniform rate of cutting and filling, corresponding to that found 
above, it would take about 4,000 years to cover the bottom of the lake 
to an average depth of one foot or about 800,000 years to complete the 
filling of the lake. But the rate of cutting here is probably a maximum 
or at least more than the average and hence, on this assumption, ^ still 
longer time of stable conditions would be necessary to bring about the 
complete filling of the lake. The changes going on in the lake region 
make it evident that long before that stage is reached the lake will have 
lost its waters possibly in part through the reopening of drainage dowi 
the Illinois vallev. 

OTHER HISTORICAL DATA. 

Old residents at Lexington remember when wave cutting was proceed- 
ing along the village shore at a rate approximating nearly a rod per 
year. The greatest cutting took place during the years of high water, 
in 1870 and '71 and in 1885 and '86. In the former years the lake was 

< An estimate by planimeter and scale from the field sbeetii of tbe Lake Sur\'ev (pbotoprapbed in Fig. 
6) sbowstbatat the time of that survey, August and September, 1860, tbe south line of Sec. 18 was about 
44 chains long, tbe old road referred to below being shown as continuous on the map. The area of the Hay- 
wood estate was then about 176 acres. This implies a waste of 9 acres or 4.18 feet per annum in the dS 
years from 1823 to 1809, and about 18 acres or 7.2 feet per annum in the 47 years since from 1809 to 1992, 
the greater rate of erosion in the later interval, being I suspect due to the removal of the forest pro- 
tection -L. 
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undercut ting; the bank south of tlie mill at the foot of Huron aveuue. The 
most extenBive cutting took place opposite the Lucia property just outside 
the village limits on the south. It is related that during* the years of 
high watei', twenty years ago, a (*pai barge was driven ashore opposite 
the latter place in such fashion that the nose of the vessel was squarely 
against the bank with bowsprit extending out over the land. The position 
wheixi the boat lay is now dry land. Of late years acci-etion has been 
going on at a rate of 10 to *5() feet ])er year. The amount thus gjiinefl 
at the foot of Huron avenue is 244 feet. 

Previous to 30 years ago cutting wa*s quite general all along the shore 
but since that date it has been to a considerable degree checked wherever 
cribs have been put in.* 

< We are Indebted to Judge Beat^h ami \l. ra|>Rt for the data referring to (conditions in former years. 
4 The changes just north of Port Huron have* been subjec^t matter for a ('complicated law suit, the 
decision upon which we do not yet know. 
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ILLUSTRATIONS. 

PLATE XI. 

Clay Cliff and Shingle Shore line. 

View looking south from north line of Haywood estate. The threefold character of the section can 
be recognized. The soil horizen separating the upper and middle divisions can be readily dis 
ting^ishe<l. 

PLATE XII. 

View looking nortli in same locality. The stratification planes in the middle division are plainly 
shown. 

PLATE XIII. 

A Cave Id. The tumbled masses in the foreground are bloirks of <;lay fallen from the cliff in the 
time intervening between two visits to the locality. With the coming of a storm the waves will dash 
upon the shore and soon reduce these masses to a pulverized condition, dropping the boulders and peb- 
bles upon the beach and carrying the finer material away to settle in aeep water beyond the action of 
the waves. Throngh undercutting by the lake the tree has been thrown from its perpendicular atti- 
tude but with noble persistence has sought to regain it. 

PLATE XIV. 

Where the Waves Work. A general view looking northward from the top of the cliff on the farm 
south of the Haywood estate, snowing the nearly flat country behind the cliff. 

PLATE XV. 

Algonnuin Beach and underlying clays. At the contact of the two near the hat at the left of the 
center of the picture, a small tree trunk may be seen projecting from the bank. 
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